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IMPROVED LOOM FOR WEAVING HORSE- 


AmonG the interesting works opened to the members | hard and elastic, and that each filament is considerably 
of the Institution of Mechanica! Engineers at their re- i 
cent meeting were those of Messrs. Samael Laycock & 


textile machinery. When it is remembered that weft | for the sunblinds of railway carriages, steamships, ete., 

of horsehair cloth cannot, in the most extreme cases, | as it admits of sufficient light without the glare of sun- 

be above 5 ft. in length, that the material is extremely | shine. When these blinds are dyed a bright amber 

color, as in the case for instance of those on the White 

| thicker at one end than the other, it will easily be seen| Star steamers Majestic and Teutonic, the result is 
that the designer of a loom to weave such material! especially pleasing ; the effect being that of a diffused 


IMPROVED LOOM FOR WEAVING HORSEHAIR CLOTH. 


Sons, Portobello Place. The 
manufacture of horsehair clot 
stuffing cushions. 
that is of the grea 


are devoted to the 
and curled hair for 

Jt is the preparation of the former 
test interest to mechanical engineers, 
4s it involves the use of a loom which will be doubt- 
less quite novel tothe majority of makers and users of 


with idity and success has no easy task set for|and mild sunlight. The weft of this cloth is of horse- 
him, ese difficulties have, however, been over-| hair, while the warp is of cotton or flax. The warp, 
come by Mr. W.8. Laycock, and the combination of | however, is buried in the hair, so that it does not show 
ingenious devices which he has originated has resulted | in the finished-material. The horses’ tails come chiefly 
in the production at a woderate price of that beautiful | from South Awerica and Siberia. Inthe former place 
semi-transparent fabric which supplies an ideal material | horses are slaughtered in large numbers, every bit of 
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the carcass being used for some purpose. The flesh is 
ground up into manure (so it is said), some of the 
bones follow the same course, while others are used for 
turning, ete. The hide is made into leather, the hoofs | 
into glue, and finally the tails and manes into hair | 
cloth or “ curled hair,” with which to stuff cushions. | 
The longest hair of which Messrs. Laycock have record | 
is 6ft., but such a specimen is extremeiy rare. The 
tails, as they arrive from abroad, are in avery untidy 
state, being just mops of hair, generally plentifually in- 


terwoven with burrs. These tails have to be carefully | 


washed, after which the various) 
The next process is 


combed out and 
lengths are sorted out by hand. 


bleaching, unless it is intended to weave the cloth in| 
It is a fact that there is considerable | 


natural colors. 
difference between horsehair that has been cut 
from the animal while alive or immediately after be-| 
ing killed and that which has been taken from the 
beast when it has been dead some time. In the latter | 
ease the hair is dull and opaque, while in the former it 
retains its transparent and glossy appearance. Some} 
of the bundles of selected white hair that Messrs. Lay- | 
eock have form really beautifal objects when tied 
tightly together, looking more like batons of a traps- 
parent ivory than wisps of hair. 

The next process is to dye the hair, when an arti- 
ficially colored material is required. There are, we be- 
lieve, many secrets in connection with this art; and as 
the trade is in few hands, they appear to be well Kept. 
It requires a very different mode of procedure to dye 
horsehair to that followed with other materials, even 
wools and other kinds of hair, and there are more than | 
ordinary difficulties in the way. in the case of Messrs 
Laycock these difficulties appear to have been over- 
come, as they produce fabrics containing bines, reds, 
greens, and yellows of apparently all shades. 

There are still at these works a large number of old 
styles of hand looms for weaving hair cloth. These 
looms are each operated by two women, one * serving ’ 
the hair while the other draws it through the warp. | 
The very ingenious loom which has superseded this 
primitive contrivance is illustrated on the first page of 
the present number. The bundles of hair are placed in 
two troughs, one on each side of the loom, all the thick 
ends being arranged to lie together. In connection | 
with each trough isa selecting instrument which de- | 
scends, and by means of a spring gripping device takes 
a hair from the bunch and holds it in position until it} 
is taken by the shuttle. It is necessary that this 
gripper should let go the hair at the right instant of 
time, not too soon, asin that case the hair would be} 
dropped, while if it held on too long the hair would be) 
dragged through the jaws of the catch, the result be-| 
ing that they would last but a very short time. The! 
most curious feature about the selecting instrument is | 
that should it fail to secure its hair at the first try, it| 
will make another effort; and if still unsuccessful, yet | 
athird. Nothing in the way of mechanism could be} 
more intelligent. The selecter does even more than | 
this. Should it not get a hair to present to the shuttle) 
upon the third attempt, it puts in action the weft stop | 
motion, which prevents the shed from changing, and | 
stops the left-off and take-up motion. The selecter on 
the opposite side then presents its hair in turn, and no 
imperfection in the fabrie results. Some of the Walt- 
ham watch machinery, and of the Singer Sewing Ma-| 
chine Company’s machinery appears almost intellectual | 
in its automatism, but Mr. Laycock’'s selecter affords 
an object lesson of high moral attributes. The way in 
which it recognizes it has failed, and at once proceeds 
to try again and again without discouragement, and 
then when there is no longer hope that it can succeed 
itself—for the impatient shuttle never waits fora fourth 


attempt—giving its partner on the opposite side an op-| 


portunity to repair the fault, might be laid to heart by 
many with advantage. The shuttle itself has jaws to 
grip the hair, taking hold and letting go just at the 
right instant. 

lé would be manifest! 
these motions are carrie 
rate illustrations. 
up to 36 in. in width. 

The preparation of curled hair is comparatively a 
simple matter. The hair after washing is carded and 
then spun into ropes so as to give it the kink or curl 
which affords the springiness necessary toa comfortable 
eushion. 

It may be stated that Messrs. Laycock work up from 
15 to 20 tons of horsehair per week.— Enginetring. 


y impossible to deseribe how 
out without the aid of elabo- 


HISTORY OF THE INDIA RUBBER INDUSTRY. 


THE scarcity of existing copies of a small pamphlet 
issued by the late Nathaniel Hayward, and the inter 
est attaching to the history of rubber processes, are 
deemed, says the India Rubber World, sufficient rea 
sous for reproducing the work in full. The title runs: 


SOME ACCOUNT 


or 


NATHANIEL HAYWARD’sS 


EXPERIMENTS WITH INDIA RUBBER 


| WHICH RESULTED IN DISCOVERING THE 
INVALUABLE CompouND 


OF THAT ARTICLE 


WITH SULPHUR. 


NOUV CONN. 


BULLETIN JoB Orrick, FRANKLIN SQUARE. 


|} he appeared in publie on horseback, for the pu 


Horsehair cloth is woven from 14 in. | 


Inside the pamphlet begins : 
STATEMENT. 


Some time previous to the year 1834, there was a 
company formed at Roxbury, Mass., to manufacture 
India rubber goods. The members of this company 
were John Haskins, Edwin M. Chaffee, and Luke 
Baldwin. They had in some way learned the art of 
dissolving rubber gum, which they tried to keep a pro- 
found secret. They soon however, sold out their in- 
terest toa larger compauy called the Roxbury India 
Rubber Co., who continued the business in the same 
place. This company made large preparations to 
manufacture India rubber goods, and the interest got 
up with regard to this article in and arvund the city 
of Boston was very great. India rubber cloth for car- 
riage tops, overcoats, and other articles to protect such 
as were obliged to be out in stormy weather, and it 
was thought would soon come into general use and 
create a great demand for this fabric. 

In the year 1884, General Jackson, then President of 
the United States, visited New England, and while at 
Boston was presented with a suit of clothes of this new 
manufacture, in which dress, on a day somewhat wet, 


rpose 
of reviewing the troops on the Boston Common, This 
occurrence helped to inflate the bubble, and in a short 
time the stock of this company rose from one hundred 
to five or six hundred dollars a share, and every one 
owning stock in this concern, it was thought, was 
about to make his fortune. 

My curiosity, with that of many others, was highly 
excited, and I went to the factory, and bought rubber 
cloth for a carriage top. When using the carriage 
thus covered, I noticed that when two surfaces of this 
cloth came together, in a warm day, they adhered, in 
consequence of the softening of the gum. 
me as quite an objection to the use of the article, and 


*, led me to try experiments to obviate it. 


For this purpose, in the month of August, 1834, 
among other experiments, I mixed and melted together 
rubber gum, sulphur, and lampblack ; but this mix- 
ture, at that time, did not result in anything valuable. 
I continued, however, as I had leisure, experimenting 
with this article from August, 1834, till April, 1835, 
showing from time to time small samples of my results 
to sundry persons engaged in the rubber business, for 
the purpose of carrying on which many companies 
were being formed in and around the city of Bosten, 
where I then lived. I was assured, -by persons to 
whom I showed my samples, if I could hit upon any 
method of preventing rubber cloth from becoming 


This struck | 


soft and sticky when it was exposed” to the sun or} 


otherwise warmed, | might depend on being well re- 
warded. These assurances from men in whom I had 
confidence encouraged me to continue my efforts. I, 
therefore, sold out my livery establishment in Boston, 
that I might be able to devote all my time and atten- 
tion to the business of experimenting with India rubber, 

After closing up my affairs, and paying my debts, I 
had remaining about five hundred dollars and a horse 
aod buggy. With this property I went out to Easton, 
my native town, and hired a mill building of Cyrus 
Lathrop, called the Quaker Leonard Place, at a rent of 
one hundred and fifty dollarsa year. This mill was 
situated in a retired spot, about half a mile from the 
main road, and not far from Oliver Ames’ shovel fac- 
|tory. Here, remote from observation, I shut myself 
|}up and entered upon a course of experiments with 
| rubber, and continued it for two months without any 
satisfactory result. 

At the end of this time I was on the point of giving 
| up the whole concern in utter despair, but finally con- 
eluded before doing this to make one more trial. For 
| this purpose I put all my chemicals with which I had 

been working into a still of the capacity of fourteen or 
| fifteen gallons, with spirts of turpentine, and drew off 
about four gallons, into which I put four pounds of 
rabber gum to be dissolved, and with this solution I 
|made twelve yards (three-fourths wide) rubber cloth, 
which looked finely, and which stood the weather per- 
| feetly without melting when exposed to the sun for 
|months. The chemicals I put into the still were white 
vitriol, blue vitriol, sugar of lead, sulphur, and several 
others, indeed, all Ihad. This result gave me much 
encouragement, and I took my rubber cloth and went 
| to Boston, thinking that now I had found out how to 
| make rubber goods that would stand the test. 

I showed mf cloth to a company recently formed, 
| called the Eagle India Rubber Co., and they at once 
offered to give me employment. But I declined enter- 
ing into their service till I bad ascertained by further 
trial that | could make wore eloth like the piece I had 
been exhibiting. I, therefore, bought a new supply of 
chemicals and returned to Easton to repeat the experi 
ment which had proved so successful. To my great 
disappointment, after numerous trials, variously re- 
| peated and continued for nearly four months, I utterly 
failed to make anything like the sample I showed to 
the company in Boston. [ then went to work to ex- 
amine my chewicals separately, with the view of as- 
| eertaining their purity. I found impurities in many of 
| them, especially spirits of turpentine and lampblack. 
| The turpentine I found I could purify by thoroughly 
| agitating it with water, and the lampblack by expo- 
| sure to heat, and thus clearing it of ail oily matters 
with which it is usually conneeted. The spirits of tur- 
pentine thus purified | found would dissolve the rub- 
ber, and purified lampblack being added and the 
solution applied to cloth produced an article which 
would stand the weather. Upon the strength of this 
discovery Lengaged to work for this company ona 
sulary of $1,000 a year. They carried on their business 
at Easton, and employed six or seven men and some 
twenty girls manufacturing ladies’ aprons, carriage 
covers, and other articles, for about seven months. 
| They then procured a new and more convenient build- 
|} ing at Woburn, and began work there in April, 1836, 
and carried it on about eighteen months. All this time 
| l was employed by this Eagle Company. Soon after 
they began work at Woburn they expressed the wish 
that | would make some white aprons, thinking they 
would sell well. This I attempted to do by usinga 
compound of white lead, magnesia, and whiting, with 
equal parts of virgin or white rubber, dissolved in 
spirits of turpentine. The aprons looked pretty well, 


but when warmed would soften and stick, and not be- 
ing white enough to suit me, l exposed them to the 
fumes of sulphur to make them whiter, taking the hint 
from having seen straw bonnets bleached in this man- 


ner. By this treatment the rubber cloth became v 
white, and made elegant aprons. But, in addition to 
superior whiteness, I noticed that these aprons did not 
soften and adhere after being exposed to the fumes of 
sulphur as they had done before such exposure. This 
gave we the first intimation of the power of sulphur 
to prevent rubber from becoming soft and adherent 
when warmed, After this I tried exposing pieces of 
cloth to the sun that had been fumigated with sulphur, 
and others of the same kind which had not been thus 
treated, and found the former would stand firm while 
the latter would melt and become sticky. 

From this time I tried a great variety of experiments 
with these articles, in numerous and various combina- 
tions, and I found that when sulphur was one of the 
ingredients of the mixture, there was no welting or 
sticking of the rubber cloth. All the time I was work- 
ing for the Eagle Company, and afterward, while 
working for myself, I, as I had leisure, was experiment- 
ing with sulphur and rubber, and the results and the 
way and manner they were brought about I kept en- 
tirely to myself. One of these discoveries was that 
rubber cloth which had been prepared without the use 
of sulphur, if sprinkled over with sulphur in powder 
and exposed to the sun, and afterward washed clean, 
that this process would fix the gum and prevent it 
from melting. 

After I discovered that it was sulphur, and nothing 
else, among the articles with which I had been experi- 
menting in combination with rubber, which prevented 
it from melting and becoming adhesive when warmed, 
it occurred to me that this was what made the piece 
of cloth shown to the Eagle Company free from the 
usual objections to this article as then made. But dur- 
ing the four months I was laboring in vain to make a 
perfect piece of rubber cloth, it never entered my mind 
that sulphur was of any account in this business, and 
I did not use it. 

By the autumn of 1887 the rubber business was com- 
pletely prostrated, as the goods made at the several 
factories did not satisfy the public, and most of the 
companies who had embarked in it wound up with the 
loss of their eapital. 

About this time, that is to say, in the fall of 1887, 
Hayward & Humphrey bought out the Eagle India 
Rubber Co., their stock and machinery, and carried on 
the rubber business together for about ten months. 

In the spring of 1838 I began to carry on the business 
by myself, and continned to doso until September of 
the same year. In the month of July of this year, 
Charles Goodyear, whom I had previously seen in Bos- 
ton, at his store, No. 12 Water Street, sent me an order 
to make him thirty yards of sheet rubber cloth a yard 
wide. Lattempted to make this piece of cloth with- 
out using sulphur, lest he should detect ite presence by 
the smell. I then made another piece, in the manufac- 
ture of which [ used sulphur, which he pronounced 
very nice, and just what he wanted. From this piece 
of cloth Goodyear got the scent of the brimstone, 

After I sold him, on the ilth of August, 1838, the 
piece of printing cloth with which he was so well 
pleased, Goodyear often called at my factory, but was 
not admitted, as I did not wish him to see my works, 
but I sold him several pieces of rubber cloth, after the 
first. which were made expressly for his use. At one 
of his visits to my factory, after sniffing at my cloth, 
he asked me if I used sulphur in the manufacture of 
my goods. I did not give him a direct answer, but 
waived the subject by remarking that its smell would 
be offensive. At a subsequent visit he said if I did not 
use sulphur he intended to get a patent for using it, as 
he had found out it worked well with rubber. I then 
told him the whole story of my using the article, and 
that I had kept the matter secret, as I intended to get 
a patent for it as soon as I got able. 

On the 17th of September, 1838, I sold out my establish- 
ment to Charles Goodyear, agreed to work for him one 
year on a salary of $800, and immediately began my 
year’s work. 

It was agreed between us, early in the month of Oc- 
tober, that I should have the necessary papers wade 
out, send them to Washington, and obtain a patent in 
my own name, and then assign it tohim. In econsid- 
eration of such assignment he agreed to be at the ex- 
pense of getting the patent in my name, pay me $100 
down, give me his note for $900, due in six months, and 
give me the privilege of waking three hundred yards of 
rubber cloth a day, until he should pay me the further 
sum of $2,000. hen all this had been done, the whole 
benefit and interest of the sulphur patent was to be- 
long to Goodyear—and all the papers pertaining to this 
contract were duly executed ont delivered. Accord- 
ingly, the application for the patent was drawn up 
and sent to Washington, but owing to some informal- 
ity, the papers were returned to be corrected. The cor- 
rection was made and they were forwarded to the 
Patent Office a second time, but before the patent was 
obtained Goodyear came to me and said Doctor Jones, 
at Washington, advised him to take out the patent in 
his own vawe, to which, after some hesitation, I con- 
sented, provided such a course would not invalidate 
any part of our previous agreement, and he said cer- 
tainly it would not. I then assigned to him my claim 
to a patent, on the 23d day of November, 1838. 

Within the year, while I was working for Goodyear, 
I made goods of various colors, such as printing cioths 
for waps and globes. 

In the month of January, February, or March, 1839, 
his brother, Amasa Goodyear, told me Charles had 
made a discovery, by means of which the rubber could 
be made to stand a higher degree of heat, saying, ‘You 
go and get a bit of cloth you made for him, and | will 
show you how it is done.” I got him apiece, which he 
placed on the top of a hot cylinder stove, and it soon be- 
gan to change color, grow darker, and finally turned to 
aslate color, when it underwent no further change, and 
was no longer affected by heat or cold—and all this with- 
out injuring the fiber of the cloth. This was at that 
time called heated or fireproof gum, but afterward 
vuleanized rubber. Charles Goodyear himself soou 
after told me be had made the diseovery by putting a 
piece of rubber cloth on a hot cylinder stove. The 
eloth turned from a light to a dark color, and would 
then stand the heat or cold without any further 
change. He had done this with only small pieces of 
eloth, and found out no way of applying heat toa 
large surface to produce this change, while I was in his 
employ. From September 17, 1889, when my time with 
Goodyear was up, to April, 1841, I carried on business 
for myself. During this time | manufactured various 
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articles of rubber, some $1,000 worth, and put them | 


into market, supposing I had a right under the con- 
tract with Goodyear to make three hundred yards of 
eloth per day. ut on my offering my goods, I was 
notified by Luke Baldwin, of Boston, who had bought 
of Goodyear the right of using the sulphur patent for 
certain purposes, and if I sold my goods I should ex- 
pose wyself to a lawsuit, saying I had no right 
to make rubber goods, as | had conveyed all my rights 
to Charles Goodyear, and that he had offered Good- 
vear $20,000 for the entire sulphur patent. This inter- 
view with Baldwin took place in Boston. 

On my return to Woburn. I calied on Mr, Goodyear 
and told him of the conversation with Baldwin. He 
said he had not sold his patent to Baldwin, and that lL 
could go on and make my three hundred yards per day 
of what goods I pleased and no one would molest me. 
Not feeling perfectly satisfied, I took my papers, went 
to Boston, and laid them before Willard Philips, an 
attorney somewhat versed in patent law. He told me 
my final assignment of the patent to Goodyear would 
annul the validity of the previous contract, and that it 
would be necessary to make a new contract with him 
to get the benefit of the three hundred yards a day. 
A few months afterward I made an arrangement with 
(goodyear which was satisfactory. 

On the 3d day of April, 1841, I again sold out to 
Charles Goodyear, and agreed to work for one year 
from date. 

From September, 1839, to April, 1841, Goodyear was 
in no regular business, but moving about from place 
to place. 

In the course of the year 1841, while I was in his 
employ, Goodyear tried many experiments to perfect 
the heated guin process, so as to make it practically 
useful, but he did not succeed. In that year h* made 
arrangements with Rider & Brothers, of New York, to 
furnish him with money to carry on his business. I 
stayed with him till April, 1842, when 1 took the 
factory into my own hands again, and carried on busi- 
ness on ny Own account, 

In 1842, Goodyear carried on his rubber business in 
Springfield, and also in Northampton, Roxbury and 
Lynn ; in all these places trying to perfect the heating 
gum process, and make it usefal—manufacturing quite 
a variety of articles. 

I earried on business on my own account from April 
1, 1842, to the 22d of August, 1845. In that time I made 
for Mr. Goodyear several hundred pounds of fire- 
proof sheet rubber, which was sent to Springfield and 
cut up into suspender threads, to make shirred sus-| 
penders, so called. I had then so far perfected the pro- 
cess as to heat a sheet of rubber cloth thirty yards 
long at one operation. My furnace and apparatus to 
do this were invented by myself, and kept secret. 

At that time Mr. Goodyear was owing me consider- 
able sums of money on back arrearages, which he was 
either unable or unwilling to pay. My finances were 
quite low, so low that my property was levied upon, 
and sold to pay taxes. While thus embarrassed, Good- 
year told me if | would inform him how I compounded 
my articles, and the exact proportions, he could then 
get all the money he wanted, and would pay up all he 
owed me—a promise which he never fully performed. 
In this manner I was prevailed on to give him all the 
information he desired. With the knowledge thus ob- 
tained, his operations at Springfield were greatly im- 
proved. 

As early as 1843, Goodyear sold the right of making 
rubber shoes to a company in New Haven, of which 
Leverett Candee and Steele were members. 
About this time Benjamin Coburn, who had been in 
my employment, was in New Haven, and I think 
working for Goodyear, who was exhibiting various 
sinall samples of rubber cloth to sundry persons, and 
among others, he showed them to Candee and Steele 
as hisown manufacture. Coburn told these men that 
the samples with which he was making so much 
parade were not made by Goodyear himself but by 
one Hayward, in Woburn, who knew more about 
rubber in half an hour than Goodyear in all his life. 
This information from Coburn quite surprised them, 
as they did not suppose anybody knew anything about 
rubber except Charles Goodyear. 

In consequence of this information of Coburn, I 
think in the month of April, 1843, he came to ny place 
in Woburn to see me, and there found that what 
Coburn had stated was true. He asked me if I could 
make a shoe out of this fireproof or heated gum. I 
told him I thought I couid. He told me if I could 
make a perfect shoe of this material, he would buy 
out my establishment at Woburn, and give me ewm- 
ployment at good wages. Thus encouraged I told him 
| would go to work, and when I had succeeded, would 
let him know it. I aeeordingly spent something like 
three months in perfecting my apparatus, and experi- 
menting with rubber, in the course of which time I 
accomplished my object. I put into my heater thirty 
pairs of shoes, and they came out perfect. I sent Mr. 
Candee five pairs as a sample, and informed him 1 was 
now ready to engage in the manufacture of rubber 
shoes. He came at once to Woburn, bought me ont, 
and engaged my services for one year. I went on to 
Hampden, where his factory was, and began making 
rubber shoes. ‘They were all right, except in one par- 
ticular. They in a little time turned light colored. 
This L found Leould obviate by using a smaller pro- 
portion of sulphur than is specified in Goodyear's 
patent. This prevented the shoes from blooming or 
turning white. I worked for this company through 
the year and made perfect sinoes. 

After this I went to Lisbon, Conn., and set up the 
business of making rubber shoes on my own account, 
In connection with Henry Burr. Our business was | 
very prosperous, and while there, I discovered the 
method of giving our shoes a high polish. This was 
Kept secret for some two years, and gave us great ad- 
Vantage over other companies in the sale of our goods. 
We carried on our operations in Lisbon from the 
autumn of 1844 very protitably till the spring of 1847, 
When we sold out to a joint stock company formed in 
the town of Colchester, Conn., called the Hayward 
Rubber Company, in which I still hold an interest, and 
in which place I now reside. 

NATHANIEL HAYWARD. 

Colehester, Conn., December 27, 1864, 


STATE OF CONNECTICUT, 1 ss., Colchester, Dec. 28, 
New London County. A. D. 1864. 
Personally appeared, Nathaniel Hayward, whose 


name is annexed to the foregoing statement of facts 
and observations, and made solemn oath that the same 
are true, according to his best knowledge and belief. 
fore me, JosEPH N. ADAMS. 
Justice of the Peace. 


AURIFEROUS EXPLOITATIONS OF THE 
DISTRICT OF BOGOSLOWSK (URAL). 


THE district of Bogoslowsk, situated upon the east 
side of the Ural, in 60° N. lat., occupies a superficies of 
about 870,000 acres, and contains large mines of gold 
and copper. 

It was during a missionary trip made in 1888 that 
we visited the great exploitations of auriferous allu- 
vions formed there. It is often imagined that the 
Ural is a high range of mountains forming an insupera- 
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Fie. 1.—MAP OF THE BOGOSLOWSK GOLD 
DISTRICT. 


ble barrier between Europe and Asia, but such is nut the 
ease. Of high summits there are scarcely any seen. 
The most elevated points reach from 5.600 to 6,200 feet, 
and this again is a rarity. The relief of the country 
rather consists of a series of hillsor of slightly un- 
dulating plateaux running with an easy slope toward 
the plains of Russia or Siberia. The region is furrow- 
ed by numerous rivers whose yellow waters flow slowly 
between banks that are almost always high. But the 
general slope of the earth is sometimes so slight that 
the water cannot flow. The forests are very swampy, 
and it often happens that roads cannot be established 
unless they are formed of wood. 

Seareely anything is exploited in the Ural but au- 
riferous alluvions. The only deposits or placers where 
ores are extracted are those of Berezowsk, in the vicin- 
ity of Ekaterinbourg, and those of Miask, more to the 
south, near Zlataoust. The auriferous alluvions that 
are found in the beds of nearly all the streams 
of the east side of the Ural are from 3 to 6 feet 
in thickness. They always contain large pebbles of! 
syenite, diorite, diabase or serpentine, among whieh | 
are sometimes met with rolled pieces of rock erystal of , 
perfect limpidity. The nuggets of gold are of very 
variable size. Atthe St. Petersburg School of Mines 
one may be seen as large as one’s head and weighing 
66 lb. But, in general, they are always small, and 
resemble grains of sand more or less fine. 


The gold is almost always accompanied with plati- 
nuw, but in quite small proportion. It is only in the 


vicinity of Nijui Taguil that the alluvions rich in pla- 
tinum are worked. With this metal there is found, in 
general, iridium, osmium, and rathenium. The scales 
of osmiuret of iridium, which are the most abundant, 
are recognized everywhere by their crystalline aspect 
and their smooth and brilliant faces. They in no respect 
resemble the dull grains of platinum. 

The age of these alluvions is easy to determine. We 
find in them the Rhinoceros tichorinus, Bos primé- 
genius and Hlephas primigenius. 

The proportion of gold in the alluvions varies be- 
tween 12 and 22 grains per ton. It is only exception- 
ally that it reaches 30 and 45 grains. 

he auriferous exploitations of the district of Bo- 
gosiowsk are nearly all concentrated in the basin of 
the Volschanka. The large installations and most im- 
portant working points are situated upon the banks of 
one of its small affluents, the Tshernoia Rieva (‘‘black 
river”). 

The search for auriferous sand and the determina- 
tion of its yield in gold was conducted in the follow- 
ing way: 

On a series of lines at right angles with the course of 
the stream, wells five feet square were sunk to the bed 
of auriferous alluvion, ‘This latter was always met 
with ata depth of from 6 to 12 feet, at least, in the 
central part of the valley. The wells of the same series 
are spread from 25 to 30 feet apart. The largest of 
each row varies between 190 and 250 feet. Finally, the 
distance between the rows is from 160 to 320 feet. 


Fie. 2.—PLAN OF THE SLUICES. 


The yield in gold of the sand found in each well was 
determined, and there was thus detected, throughout 
a length of 2.500 yards, the presence of a bed of allu- 
vion from 3° to 60 inches in thickness, containing on an 
average 15 grains of gold to the ton. The deposit is of 
some breadth, but it is scarcely workable over a width 
of more than fifty yards. Over this extent only, the 
thickness of the barren soil that covers it does not ex- 
ceed eight feet. The portion of the auriferous sand 
that can therefore be utilized in this valley contains 
nearly 660 pounds of gold. 

This examination having been made, a canal was 
dug on the right bank of the stream and all the water 
was turned into it. Then it became possible to begin 
the exploitation properly so called. 

The work is performed by three gangs of men. The 
first removes the mud and peat that covers the bottom 
of the stream. The second removes a stratum of blue 
clay 3 feet in thickness, situated directly over the allu- 
vion, and carries it in small one-horse carts to the 
banks of the stream. The third gang digs up the au- 
riferous sand and puts it into Decauville carts drawn 
by horses. The work always proceeds in the direction 
of up stream. 

The contents of the carts are put into large 8 ton 
ears, which serve for the carriage of the material to 
the sluice, which is situated at a distance of one mile 
and a quarter on the banks of the Volschanka. The 
traction is effected by small locomotives running on a 
3 foot track. In 1888, the expluitation occupied 300 la- 
borers and 55 horses. 


Fie. 3—GOLD WASHING IN THE URAL. 
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The Bogoslowsk installations serving for the washing 
of the auriferous alluvion are peculiarly interesting. 
They are nearly the only ones of the whole of the 
Ural in which have been applied the American meth- 
ods that permit of treating a large quantity of ma- 
terial in a short time and almost without manual la- 
bor. Such a result can be reached only when there is 
a large quantity of water available. So these methods 
are not applicable every where. 

Fig. 8 gives a general view of the sluice. Fig. 2 will 
allow ite arrangement to be better understood. It con- 
sists essentially cf a large wooden trough, A, 60 ft. in 
length and 244 in width, and with a descent of 7 feet 
in 100. The bottom of this trough is furnished, from @ 
to b, with a sort of cast iron grille providing a series of 
spaces into which the particles of gold fall. At cand d 
ee are twoiron gratings that allow the water and 
fine sand to pass to the two lateral troughs, B and C. 
The large pebbles are arrested by the gratings and fall 
into a hopper, g, that delivers them to cars beneath. 
The sluicex, B and C, are provided at the top, é, witha 


series of transverse wooden cleats, and at the lower 


with cloth having a long nap to arrest the | 
D 


est particles of gold. This is a process employed 


only drawback to be noticed is the large quantity of 
water necessary for the treatment. In washing 500 tons 
of sand, 792,570 gallons of water are consumed. 

Such installations require a large capital and can be 
established only at points where a sufficient quantity 
of gold can be found. In all the little streams of the 
region, where the alluvions exist in small quantity 
only, the establishment of them cannot be thought of. 
The administration of the district of Bogoslowsk au- 
thorizes the peasants to exploit these alluvions for 
themselves on the sole condition that they shall sell all 
the gold they collect to the bank. They are paid lit- 
tle for it, but it does not cost much to live there, and, 
moreover, the trade in gold is not free. Every robber 
or every receiver of stolen gold has the prospect of fin- 
ishing his days in Siberia. The state alone has the 
right to acquire this material, and though it yearly 
guthers in very large quantities, gold coin is absolutely 
unknown in Russia. It is only at Paris that we find 5 
ruble gold pieces. 

The installations of these peasants are of the simplest 
character. They copy on a small scale the large sluices 
that they see, and, Sanite a very imperfect equipwent, 
obtain a very good yield. Their business is a very 


from antiquity, and the “golden fleece” isa proof of | hard one, and very uncertain, and yet the greed of 


it. 


pers, F. 
wheel, G. 
emptied upon the upper part of the sluice, 


The fine, washed sand falls into the basin, D, and | J 
is carried by the wheels and buckets, E, to the hop- | sometimes chance to gain much, yet they are almost 
The bucket wheels are actuated by a water | always in deep misery. All that a Russian laborer re- 


The cars full of sand stop ata, and are | 
A. The | used for the purchase of brandy. These searchers for 


gain makes them come from afar. Although they 


ceives above what is necessary to live upon is always 


water, which enters in great quantity, both through | gold are found everywhere. In the basin of the Vols- 
the orifices, B, and the conduit, y, carries along the en- | chanka alone they work over an extent of 36 tniles. 


tire mass with rapidity. 


The large stones stopped at g | Upon the whole, it 18 these laborers distributed 


are taken out and thrown into the bed of the Vols-|throughout the country that extract the greatest 


chanka. The same is done with the fine sand which 


quantity of gold. 


and P F perpendicular to P U is the actual linear mo- 
tion of one point upon this normal. Therefore, draw- 
ing through F a perpendicular to P D, it will cut the 
normal in C, the center of curvature sought. 

Now, regarding the sinusoid V P W, in Fig. 45, as 
the projection of the helix formed by rolling the in- 
clined line W Y T around the cylinder shown; W T 
lying in the plane tangent to the cylinder, as shown at 
W i in the end view, Fig. 46, is tangent to the curve 
at W. During the rolling of this plane to the left, the 
extremity T’ of this line wust trace the involute T’ U’ 
in the plane T U 8 perpendicular to the axis of the 
cylinder. When it has rolled one-fourth of the way 
round, the plane, being always rpendicular to the 
radius, will have the position V’ U’, whence V U is the 
tangent to the sinusoid at the vertex V. To draw the 
tangent at any other point, as P, we have werely to de- 
termine the tangent to the helix at that point; the 
other projection of P is P’, therefore P’ L’ tangent to 
the base of the cylinder is one projection, and P L is 
the other, which is the required tangent to the sinusoid; 
and by drawing normals at various points of W P V, 
the evolute R O N is readily mapped out. 

In applying the new process explained at the begin- 
ning of this article to this curve, we way operate as 
follows : 

Let it be required to find the radius of curvature at 
the vertex V ; assign any velocity U’ A’ to the extrewi- 
ty of the tangent to the helix, then the corresponding 
motion of the point U in the tangent to the sinusoid 
will be U A; therefore A V U represents the angular 
velocity of the tangent V U about V. But V itself is 
moving to the left, with a velocity which may be as- 
certained thus: The helix is generated by a point 
which, while moving uniformly round the quadrant 
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has passed through the side sluices, Band C. As for 
the particles of gold, they, on account of their density, 
almost all stop in the interstices of the grille in the 
bottom of the sluice, A. The finest particles alone reach 
Band C. So the proportion of gold collected in the 
latter is always quite small. 

The treatment of an 8-ton car load takes from 4 to 5 
minutes. Each trainis composed of four cars, but, as 
the production of the exploited localities is still rela- 
tively small, an interval of 15 or 20 minutes elapses 
between the treatment of two successive trains. At 
present from 530 to 550 tons of sand are being washed 
per day often hours. This quantity might be easily 
doubled. 

At nightfall all the material that has been arrested 
in the interstices of the grille, and by the cloth, is 
gathered and washed upon large inclined tables under 
a feeble current of water, so as to gradually separate 
the lightest portions. Mercury is added to the mass 
in order to more easily unite all the particles. of gold, 
and, after about an hour’s work, there remains of the 
550 tons treated during the day only a block, as large 
as one’s fist, of gold amalgam and a pinch of grains of 
platinum which easily separates from it. To isolate 
the pure gold it isonly necessary to distill the amalgam. 
The metal obtained contains, on an average, 90 per 
cent. of gold and 10 per cent. of copper or silver. Tie 
force employed at this installation is small ; 20 men 
suffice to do everything. Finally, the results obtained 
appear to be very good. According to the analyses 
made at Bogoslowsk, sand that before treatment con- 
tained 15 grains per ton contains after the same but 
1 8-10 grains. 

We have already mentioned some of the advantages 
that these sluices present. There is another one that 
muat not be forgotten. Almost all is of wood, and con 
sequently the construction of the apparatus is one of 


the easiest watters amid the forests of the Ural. The 


While the alluvions of the Tschernoia Rieva produce 
about 220 pounds of gold per annum, the entire district 
annually ships 800 pounds of it to the Ekaterinbourg 
mint.—La Nature. 


RADII OF CURVATURE GEOMETRICALLY 
DETERMINED. 
By Prof. C. W. MacCorp, Sc.D. 
XIII.—THE SINUSOID, OR PROJECTION OF THE HELIX. 


THE argument in the following paper is derived from 
the action of the instrument for tracing the sinusoid 
by continuous motion, deseribed in the SCIENTIFIC 
AMERICAN SUPPLEMENT, No. 703. By reference to 
that description it will be seen that while the mechan- 
ism is in action, we can at any instant ascertain the 
simultaneous motions of two points, one of which 
traces the curve, while the other lies on the tangent to 
the curve at the point occupied at that instant by the 


first. 
A New Method of Procedure. 


The manner in which a knowledge of the motions of 
these two points at the same instant will enable us to 
detérmine the radius of curvature will be easily seen 
by the aid of Fig. 44, where P Ais the tangent, and 
P C the normal to the curve shown, at the point P. If 
we suppose this point P to trace the curve, its motion 
at the instant must be in the direction of the tangent. 
and can have no side component; let P F represent 
its velocity. Suppose A B to represent the motion of 
the point A at the same instant; this has a side com- 
ponent A D, and A P D represents the angular veloci- 
ty with which the tangent is rotating about P. Since 
the normal is always perpendicular to the tangent, it 
must be rotating with the same angular velocity about 
its point of contact with the evolute of the given curve; 


46, 


HELIX. 


V' W’, also moves uniformly parallel to the axis of the 
cylinder through the distance Z W, and the quadrant 
m n, in Fig. 46, is equal to ZW; by the principle ex- 
plained in connection with Fig. 44, V' C must be rotat- 
ing around C, the center of the cirele, in Fig. 46, with 
an angular velocity equal to A’ V’ U’; therefore draw- 
ing through C a perpendicular to A’ V’, and producing 
it to cut at a’ the tangent to mnatm, we havema, 
to which V a, in Fig. 46, is made equal, giving the re- 
quired motion of V in the sinusoid. hen drawing 
through @ a perpendicular to A V, it cuts the normal 
at V in R, the required center of curvature. 

To find the radius of curvature at P, we have P L 
as the tangent, and P’ L’ the other projection of the 
tangent to the helix. Let L' G perpendicular to L’ P’ 
be the motion of L’. This is resolved into the hori- 
zontal and vertical components L’ D, L’ J’; and reco!- 
lecting that L’ P’ here corresponds to the rolling rack 
in the mechanical device previously referred to, it will 
be seen that LJ equal to D J', the vertical component, 
is the actual motion of the point L in the tangent to 
the sinusoid. This motion has a side component L I, 
which determines I P L, the angular velocity of the 
tangent about P. The motion of P in its sinusoidal 
path may be determined directly thus: G P’ L’ is the 
angular velocity of the tangent to the helix about P’, 
and drawing through C a perpendicular to G P’, cut- 
ting L’ P’ produced in F, we have P’ F’ for one projec- 
tion, and P F for the other, of the linear motion of P 
in the helical path ; and just as V P W in that projec- 
tion of the helix is the sinusoid, so the projection P F 
of the helical motion is the actual motion of P in the 
sinusoidal path. And then a perpendicular to L P, 
drawn through F, cuts the normal at P, in the point 
O, giving P O for the required radius of curvature. 

Otherwise, 5y a more rigid adherence to the consid- 
eration of the mechanical movement alluded to, we 
should resolve P’ F’ (regarded as the velocity of P’ 
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bout C in the plane of the paper into its components 
P H and P’ K’, to the latter pr gehen P K, the trans- 
verse movement of P in the same plane, isequal. The 
longitudinal movement P db is equal to p dD’ in Fig. 46, 
where p is the point in which the radius P’ C, pro- 
duced, cuts the quadrant mn, and b' is the extremity 
of the tangent to that quadrant at p, limited by the 
prolongation of F’ C perpendicular toG P’. Then by 
compounding P K and P 6 we find the resultant mo- 
tion P F. 

In the same manner the tangent W T is seen in Fig. 
46 as W' T’; let this move to the right, T’ having the 
direction of the arrow, which is horizontal, and has no 
vertical component. Then T, in Fig. 45, has at the in- 
stant no motion, but W is traveling in the direction of 
the curve, that is to say, of the tangent T W ; conse- 
quently the normal is rotating about a center infi- 
nitely remote, or, in other words, has a motion of 
translation ; and we thus see that M perpendicular 
to T W is an asymptote to the evolute R O N, and the 
radius of curvature at W is infinite, as it should be, in 
accordance with the well known fact that the intersec- 
tion of the sinusoid with its axis is a point of contrary 
flexure. 


A SIMPLE CHUCK AND MICROMETER STOP 
FOR AMATEURS. 


In a former article a dividing machine for amateurs 
was described, and it is now purposed to describe a 
simple chuck for ase with the same, and the microme- 
ter stop that is used to regulate the depth of cut in the 
graduation of circles, ete. 

Every one knows the difficulty in holdin 
in ascroll chuck. They can be held b rst backing 
them with something else; but w is unreliable, 
metal expensive and hard to use; so a chuck which ob- 
viates all trouble, and once made will last ——. isa 
desideratum. Such a chuck is the one described. 

A face plate casting of the size required is obtained 
and then turned up and accurately fitted to the lathe, 
Its face is turned smooth and semi-polished, and its 
edge turned with a shallow groove, as shown in the 
first section in Fig. 1, which shows a side view of the 
chuck complete. 

A ring is now turned up, the same size as the face 
plate, and its back face is turned with a projecting lip 
that fits accurately in the groove in the edge of face 

late. This back face can be turned up first, and be 
tted to the face plate before the front face and edges 
are finished to size. 

The ring is now put in place and accurately laid oft 
with a number of points to be drilled for screws. Two, 
four or better yet, six holes may be laid off. As stut- 
ed, they should be accurately spaced, so that the rin 
may fit, haphazard, after once being removed, oom | 
not necessitate replacing exuctly the same each time 
it is replaced. 

The holes through the ring areclear. Those in the 
plate to match are tapped for a good strong machine 
screw—say a 10-24 size. 

The ring can now be turned up on its edges and fin- 
ished, and the chuck is complete. 

Its use is obvious. Any flat, thin plate of a circular 
form can be clamped firmly and truly to the plate by 
the ring and screws, and the plate will be firmly sup- 
ported against the tool, no matter how thin the plate 
may be. 

Of course the chuck ring must be large enough to 
take in the size circle to be cut out, with room for the 
tool to work while cutting out the circle, after the other 
work has been done. 

This chuck is so simple and easily made that several 
sizes can well be afforded. The amateur has then a 
ehuck to be depended upon that will not fail him, in- 
stead of depending upon a makeshift of wood that 
may let his work slip, or bend, and so spoil all the job 
perhaps just as it is about completed. 

Fig. 1, side view. Fig. 2, plan or front view. The 
micrometer stop is shown in Figs. 3 to 9, Fig. 9 being 
the finished tool. 

It is simply a modification of the principle of the 
micrometer caliper, and all who are familiar with the 
latter tool need no description of its construction or 
use, The following is, therefore, for those who are not 
so familiar. 

A bar of steel is bent and forged to shape, as shown 
in Figs. 3, 4, 5, a slot being cut in the bottom piece, as 
shown in Fig. 4, and a hole drilled and oon at the 
upper end of the upright piece, as shown in Fig. 5. 

o this latter hole is fitted a piece of teal that is 
drilled and tapped with a 20 or 40 thread for part of 
its length, and then drilled ae Se witha 
somewhat smalier drill, as shown in Fig. 6. The dot- 
ted lines show the size and depth of the holes. This 
forms the “ barrel” of the tool. 

A screw is now got out that fits this threaded part 
accurately,and to a good working fit. One end is 
turned off plain for a certain distance to fit into and 
project through the smaller and plain hole in the piece 
just made, Fig. 6. The other end is also turned down 
a purpose to be presently m- ntioned. See 

Fig. 7 shows the size and shape of the hub piece— 
the sleeve—with its milled bead. It is drilled so as to 
slip over the piece, Fig. 6, at a good working fit. It is 
best to turn it up out of the solid, and the bore should 
be accurately drilled and polished. Concentrie with 
this bore, and through the head, a smaller hole is drill- 
ed that will just take in the short blank end of the 
screw, Fig. 8, at atight driving fit. This hole should 
be slightly countersunk on the outside. The head 
may be milled or knurled with any pattern to permit 
a good grip to be taken. 

The serew, Fig. 8, is now fitted to the sleeve, Fig. 7, 
by forcing the blank end into the hole and riveting 
down and finishing off. be aa Fig. 6, is securely 
fastened into its place, and the tool is ready to go 
together. 

But before final putting together the parts should 
be graduated. 

The graduation will depend upon the pitch of the 
screw and the fineness that is desired. If the screw 
has twenty threads, then, to get thousandths of an 
inch, fifty divisions will have to be put on the beveled 
end of the sleeve; as many more or less can be put on 
as may be desired. 

This graduation can easily be done in the lathe by 
the use of an index plate or the dividing machine. An 
index plate works the faster of the two. A tool with a 


thin plates 


horizontal cutting edge should be used to cut the 
marks. 

A reference line is now needed to which to refer these 
divisions. This line is cut upon the part shown in 
Fig. 6, at any convenient place, as shown in 
Fig. 9. It can be easily done in the lathe by a 
the work between centers and moving a horizon! 
—— tool along the same by means of the slide rest. 

or use as a micrometer stop this is all that is re- 
quired, as the graduation upon the sleeve and the 
reference line are all that are required to adjust the 
stop to permit any depth of cut of the tool. But it 


on, a cut for each revolution. Those cuts will be the 
elements of a screw thread, to be sure, but they will be 
so near right lines perpendicular to the reference mark 
as not to appear inclined, and will answer all the 


pur % 

The slot in the base of the tool is to permit of its 
being fastened to the lathe bed. Serew holes ae | be 
tapped at regular intervals along the bed, and by 
these the tool can be screwed down and adjusted, as 
readily explains itself. 

Besides its use with the dividing machine, this 
micrometer stop has many uses in other work, and will 
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A SIMPLE CHUCK AND MICROMETER STOP FOR AMATEURS. 


may also be desired to graduate the barrel, Fig. 6, as 
shown in Fig. 9. This can also be done in the lathe 
as follows: Set the screw-cutting gear to cut a 20 or 
40 thread serew, according to which has been cut upon 
the screw of the micrometer. Place a vertical chisel- 
edged tool in the tool post, and arrange everything as 
though about to cut a screw thread upon the piece, 
Fig. 6, the reference line having first been cut. Turn 
the lathe over slowly, with the tool drawn back, so as 
not totouch the work until the reference line comes in 
sight, then advance the too! so as to bear ye Bee is 
well to adjust a stop to regulate the depth of cut— 
and let the tool bear for a short distance, draw back 
the tool, make another turn and another cut, and so 


well repay the amateur for the trouble of making it. 
By its use the length of a cut up toa shoulder upon 
screws, shafting. and any such work may be regulated 
to a nicety, and. while duplicates are being wade, 
dependence can be placed upon it to bring them out 
alike in length. 

While upon this point of micrometers, | would like 
to call attention of awateurs to the ease with which 
any of these apparatus for lathe work, and their lathes 
also, can be graduated so as to make all screws to be 
micrometers. 

In making pew work, either light or heavy, all on 
bas to do, to get a graduation of hundredths or thou- 
sandths, is to cut the screws for the work with 10ths, 
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20ths, or 40ths of an inch. A heavy serew can be 10 
threads to the inch, as well as some odd number. Then 
a graduation upon the head of the screw, or upon a 
sleeve fitted under the handle, of ten parts readily 
gives hundredths of an inch. The tail serew and cross 
feed screw of uy lathe are so graduated, and I can drill 
to the hundredth of an inch by the graduation upon 
the tail screw, or take achip of one two-hundredth inch 
on turning by the graduation upon the cross feed 
screw. 

If one prefers to work by eighths, sixteenths, ete., 
then the screws need only to be cut with eight, sixteen, 
or thirty-two threads to the inch and the circular gradu- 
ation be halves, quarters. eighths, ete., to get down as 
fine as one wishes to go. have a slide nut that runs 
by the thousandths of an inch, the tool post rans in 
and out by the thousandths also, a gear cutter that I 


lugubrious descriptions of them doled out to readers 
of the daily press. During the past few years the 
enormous plant of the Metropolitan company has un- 
dergone, and, in fact, is still undergoing, a gradual 
and complete reorganization, and it is not too much to 
say that in the system of equipment for the new build- 
ings now elaborated, the very acme of perfection in 
modern telephone working has been reached. 
Beginning with the Cortlandt street exchange, situ- 
ated at No. 18 Cortlandt street, familiarly known as 


“Telephone Headquarters,” we find a Western elec- 
|trie multiple switchboard with capacity for 6,000 me- 
| tallie circuit subseribers ; this board occupies the en- 
| tire floor of the eighth story of the building, and has 
|assimilated the subscribers formerly connected to the 
| old exchanges at John, Pearl, Nassau, and New streets. 
|The engraving, Fig. 1, shows one side of this board. 


ean set by thousandths, and any one can make these | Quite recently another of the old down town ex- 
tools in a similar manner, and thereby save lots of time | changes, that at Murray street, has been abandoned 


and patience, and at the same time turn out better 
work. 


and its subscribers transferred to Cortlandt street and to 
the present exchange at Spring street and Broadway. 


The amateur will find in the end that it pays to take} This exchange again will be shortly be installed, with 


time and do only first class work. He generally has 
plenty of time to put apon a job, and if he were not in 
quite so much of a hurry, and would not be so desirous 
of seeing the resuit of his work, and “ how it is going 
to work,” he would produce more jobs that would 
bear critical inspection, and be in reality first class in 
every respect. Adopt the motto that “nothing but the 
best will do,” instead of “anything will do,” and ina 
short time the work will begin to tell for itself, and its 
possession, as well as the “fun of making it,” will be 
a pleasure. C. D. PARKHURST, 
Lieut. Fourth Artillery. 


THE NEW YORK TELEPHONE SERVICE. 
By HerBeErt LAws WEBB. 


THERE are cowparatively few people who appre 
ciate the vastness of the telephone system in a great 


an entirely new plant, in a model telephone building 
erected by the Metropolitan Company at the corner of 
Spring and Wooster streets. 

The Cortlandt street board, which is the largest wul- 

| tiple switchboard in the world, has been in operation 
for about two vears, and is now operating more than 

3,800 subscribers, many of them equipped with metallic 

circuit lines, The average daily number of connections 

| between subscribers made on this board is 48,236,and the 
average for the whole city is 103,621, about 98 per cent. 
of these connections being made between the hours of 
8 A. M. and6 P. M. At present there are 128 opera- 


tors at Cortlandt street, each one of whom attends to 
between four and five hundred subscribers’ calls per 
day of ten hours. The switchboard has given excel 
lent service since first put into use, and a few minor 
changes shortly to be made in its equipment will still 


further increase its efficiency. 
The most interesting part of the Cortlandt street 


has outgrown its usefulness, so much so that much of 
the cross-connecting work necessitated by cutting new 
underground cables into service, changes in subscribers’ 
addresses, etc., has had to be done in the underground 
roow. 

The problem of reducing cross-connecting to a syste- 
matic process devoid of all risk of confusion or literal 
** cross-connections ” involving trouble and annoyance 
to all parties concerved has lately been attacked in 
earnest, and the investigations conducted by telephone 
engineers has led to the invention and development of 
the Hibbard distributing board, which is illustrated in 
perspective view in the accompanying engraving, Fig. 
2, which represents the one to be placed in the under- 
ground room at the Cortlandt Street Exchange. Mr. 
Hibbard has solved in a very simple manner the diffi- 
culties of * cross-connecting,” and his distributing 
board is already in operation in several of the principal 
exchanges in the country, such as, for instance, those 
at Philadelphia, Boston, Baltimore, Albany, ete. 

The engraving gives a general idea of the board. In 
telephone work the word *‘ board” has got to be quite 
a conventional term, and in this case it stands fora 
framework built up of iron gas pipe and rods, of long 
and narrow dimensions, the vertical parts of the frame 
serving for supporting the hard rubber bases to which 
the connecting devices are attached, and the cross 
bars forming supports for the cross-connecting wires 
which run through the framework from side to side. 
It is plain that if at each side of the framework we 
have a number of hard rubber strips provided with 
small metal plates to which wires are permanently con- 
nected, it will be a perfectly simple matter to connect 
any two wires terminating at one side of the board to 
any two terminating at the other by merely running a 
pair of wires through the racks in the middle of the 
framework. 

The arrangement of the underground room at Cort- 
landt street when the new distributing board is in 
place will be as follows : 

Above the iron cable heads which form the terminals 
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city like New York, and still fewer that have the op- 
portunity of seeing from the inside the enormous diffi- 
culties to be overcome by telephone engineers in order 
that the service may reach that point of efficieney 
which they are always striving for and which impa- 
tient subscribers declare—in language more forcible 
than polite—to be unattainable. There are carping 
critics, generally newspaper scribes in want of a better 


subject upon which to expend their power of invect- | 
ive, or individuals belonging to that class of present | 


day offenders against our peace and happiness who will 
write letters to their favorite daily organs on matters 
about which they are profoundly ignorant, who main- 
tain from time to time that the telephone companies 
persist in rubbing along with antiquated apparatus, 
rusty and badly constructed lines and a general state 
of cheap disorganization, so that. secure from com pe- 
tition as they are, they may continue to extract from 
the poor, down-trodden subscriber the maximum quid 
in the way of rates in return for the minimam quo 
in the shape of service. That such a state of affairs 
does not exist, and, in the more important com pa- 
nies, never has existed, goes without saying, but even 
many of our readers who keep themselves well in 
formed on telephone matters will learn with surprise of 
the high pitch to which the methods, and what may 
be termed the technical policy, of the Metropolitan 
Telephone and Telegraph Company have been brought 
and how wide a difference exists between the actual 
state of matters telephonic in New York and the 


NEW YORK. 


building for many,readers of The Electrical Engineer 
is where comparatively few visitors penetrate; below 
the ground floor is a department known asthe “under- 
ground room,” where the cables which find a deviat- 
ing and tortuous path through New York’s much 
abused subways terminate and make connection with 
the switchboard eight floors above, The room in its 
present state is not calculated to impress the technical 
man very favorably. As originally planned, the cable 
terminals were to be connected to the switchboard 


| through a distributing board which lines the walls of 


the operating room at the rear of the switchboard. 
This distributing board consists of a series of vertical 
wooden racks placed at convenient distances apart to 
facilitate the handling of wires: above the racks are 
arranged the lightning arresters and resistance coils. 
The underground cables are extended from the cellar 
by flexible rubber-covered cables running in ducts the 
height of the building and connected to one side of the 
lightning arresters and resistance coils. The distribu- 
tion is then effected by running wires through the 
racks from the lightning arresters to the part of the 
switchboard be the connection to the wiring of 
the board itself being reached by running the wires 
through troughs under the floor and up at the back 
of the board. 

The underground system, however, has grown at 
such an extraordinary rapid rate that this method of 
effecting the “ cross-connecting,” a very important 
part of the daily work of a large telephone exchange, 


of the underground cables will be placed hard rubber 
strips provided with the proper number of Hibbard 
lightning arresters for each cable, and the cables will 
all be wired permanently to these arresters, all con- 
nections being soldered. From the arresters to the 
connection strips on the distributing board short cables 
will be run, thus extending the underground cables 
direct to one side of the distributing board, the only 
intervening piece of apparatus being the lightning ar- 
resters; as a break can be made in the line at this 
point by the removal of the fusible coil, it is an easy 
matter to test any line in either direction when hunt- 
ing for *‘trouble” on a subscriber's wire. In the same 
way cables will be run from the switchboard to the 
strips at the other side of the distributing board ; these 
cables will be soldered direct to the switchboard termi- 
nals in the operating room, and also to the metal ears 
on the hard rubber strips of the distributing board, 
the wires belonging to the different drops being ar- 
ranged in proper order, drop number one being the 
first connection on the first trip. 

This arrangement practically means the transfer of 
the switchboard terminals to the terminals on one side 
of the distributing board. We now have the termi- 
nals of the underground cables and those of the switch- 
board brought face to face, or, rather, back to back, 
separated merely by the iren framework, and in order 
to connect any desired pair of wires in any under- 
ground cable to a drop in any ye. of the switchboard, 
the only operation necessary is to run a pair of wirc: 
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through the rack, making the requisite connections at 
each end. This will be the only cross-conneection be- 
tween a subscriber's line and the drop required at any 
part of the exchange, and it will easily be recog- 
nized that this method of doing the work simplifies 
matters toa very great extent, and renders it possible 
to make any number of changes between lines and 
their drops with the minimum expenditure of time and 
labor and the maximum amount of certainty. 

The board designed for Cortlandt street will be 38 
ft. long, 7 ft. high, and 3 ft. Lin. wide, and will have 
thirteen separate planes on which the cross-connecting 
wires will be run. All the cross-connecting wires will 
be rubber-covered and twisted in pairs. The board 
has capacity for 154 underground cables, or, say, 7,700 

irs of wires. The cross-connecting wires will never 

run diagonally through the framework, but when a 
connection bas to be made between a point high up on 
one side of the board and another low down on the 
other, the connecting rod wili be run horizontally on 
the plane coinciding with its starting point and then 
up or down when opposite its destination in a vertical 
division of the framework at the rear of the board ; in 
this way the openings at the front of the board will 
never be obstructed by the cross-connectiug wires, the 
maximum number of which in any one plane will be 
about 600 pairs. 

The work of putting in the distributing board is to 
be commenced very shortly, and from the description 
already given a faint idea may be formed of the mag- 
nitude of the task, involving the entire reorganization 
of all the connections bet ween the underground cables 
aud the switchboard and the making of some tens of 
thousands of new connections. 

The underground plant of the Metropolitan Com- 
pany has had a marvelously rapid growth since the in- 
ception of the underground wire regulatious in New 
York. At present there are in actual operation from 
the different exchanges nearly 300 separate under- 

round cables, each containing 50 twisted pairs of con- 
Sectors, aggregating 145 5 miles of cable, or 14,553 miles 


two months ago. 
at the corner of Spring and Wooster streets, and the 
transfer of the old Spring street exchange to the new 
will be made by the beginning of next year. An- 
other telephone building is to be located on Frank- 
lin street, and still another at Broad street. 


four new offices will have an aggregate capacity for | 
Uptown, a new! naval strategy. There are several vexed questions 

street and | connected with 

Third avenue, and the Harlem exchange is being reha- | the solution of which may be 

bilitated in order to arrange the apparatus for me-| appeal to history. 

arlem exchange | schemes of offensive and defensive naval strategy, the 


operating 14,400 metallic circuit lines. 
office will shortly be established at 79t 


tallic circuit working ; to place the 
in connection with the underground system a subway 
is now being built in that direction, the route of which 
for a considerable distance passes through solid rock 
which has to be blasted out in order to provide a pas- 
sage for the subway. 

The equipment of the new telephone buildings will 
not differ materially from that of the Cortlandt street 
office, with the exception that all the vital parts of the 
office will be on the same floor. Instead of terminat- 
ing the undergroand cables in the cellar, they will 
be run up ashalt to the top floor, where a “terminal 
room” will be provided fortheir reception. The Hib- 
bard distributing board will be located in this room 
and the gross-connecting will be done as already de- 
scribed. In the terminal room there will also bea 
chief inspector's desk provided with spring jacks and 
connections, by means of which the chief inspector can 
plug on to any faulty line a set of testing instruments 
consisting of Wheatstone bridge, galvanometer, relay, 
ete., and so determine the nature and approximate 
locality of the trouble. This chief inspector will have 
charge of all the “trouble men” attached to his ex- 
change, and will keep full records of all incidents con- 
nected with the maintenance of the lines. In all ex- 
changes, current for ringing up subscribers is supplied 
by small power generators run by electric motors ; 
these are located in a separate department called the 
power room, which also contains a large battery of 
gravity cells to be used in connection with a pole 


A similar building has been erected{ NAVAL WARFARE, 1860-1889, AND SOME OF 


ITS LESSONS. 
By W. LAIRD CLOWEs. 
THE historical method has lately been used with in- 


These | structive effect by Admiral Colomb and others in the 


discussion of certain of the larger problems in modern 


the armament of wodern ships of war, 
equally assisted by an 
In the consideration of any general 


inquirer who isin search of precedents is obliged to 
travel back to the period of the long wars with France 
and to the age of Nelson and St. Vincent. There bas 
since then been no naval strategy on a large scale. In 
the consideration, on the other hand, of the relative 
value and importance of different schemes cf offensive 
and defensive armament for vessels of war, he has the 
advantage of commanding a store of much more recent 
sapere in the history of the numerous naval cow- 

ats which have occurred since the more or less com- 
plete adoption of existing conditions. Steam, armor, 
the heavy gun, the ram, the torpedo, high explosives, 
the quick-tiring gun, and the machine gun are not so 
new but that they have already been tested in more 
than one action. And to-day, when technical experts 
are endeavoring to determine what, in the future, 
will be the chief factor in naval warfare, many of the 
lessons of the civil conflict in America, of the war of 
1866, of the struggle in Paraguay, of the Franco-Ger- 
man campaign, of the fight between the Shab and 
the Huasear, of the Russo-Turkish war, of the 
battles between Chili and Peru, of the bombardment 
of Alexandria, and of the French operations in Chinese 
waters are surely valuable and sugyestive in the high- 
est degree. Too little attention has hitherto been paid 
to most of these; perhaps because there is no good 
English work in which the naval operations of the 
last thirty years are accurately chronicled and criticis- 
ed. For such a work there is, apparently, an excellent 
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of wire. The Cortlandt Street Exchange, of course, 
has the greatest number of cables, as no less than 140 
of the 300 terminate at this office. The cables vary 
greatly in length, as some are only a few hundred feet 
long, running to buildings in or near Cortlandt street. 
where they terminate on roofs and are extended to 
subscribers’ offices by overhead wires. Thefe are wany 
cables overa mile in length, the longest being ove of 
two terminating ona pole at Fifty-ninth street and 
Tenth avenue, which measures 29,U69 feet, or nearly 
six miles. 

The cables used are all made to conform toa set of 
specifications exacting certain electrical and mechani- 
cal requirements, and each cable is tested for insula- 
tion and conductor resistance and inductive capacity 
before it is accepted by the company and put into ser- 
vice. Full records are kept of all these tests, so that 
the life of every cable can be watched from the time it 
is first laid down. At Cortlandt street a testing room 
has been fitted up containing a complete set of fine 
testing instruments, leads being run to the under- 
— room where connection is made with the cable 

eads. 

At Spring street, Eighteenth street, Thirty-eighth 
Street and Seventy-ninth street nearly all the sabseri- 
bers’ lines enter the exchanges through underground 
cables, and the rapidity with which the underground 
work has been pushed has necessitated an equally 
rapid and radical change in the equipment of the com- 
pany’s central offices. ‘he Cortlandt Street Exchange 
is a modern telephone building, but changes there, 
as we have seen, have become necessary long be- 
fore the building has lost its modern air. With the 
other exchanges the company has adopted the very 
Sweeping policy of entirely abandoning the old plant 
and removing the subscribers’ wires to entirely new 
buildings erected by the company and equipped 
throughout as model telephone buildings, according 
to the most approved principles of telephone engi- 
oda as that branch of the science is understood 

One of these buildings has just been inaugurated 
at West 38th street, the lines P mth ~ running to the 
old exchange, at 39th street and Sixth avenue, hav- 
ing all been transferred to the new offices less than 


changer in case of the motors or power generators be- 
ing disabled at any time. 

Needless to say that all these exchanges are equip- 
ped throughout on a basis of metallic circuit work- 
ing; before very long, as indicated in this article, 
New York will be provided with a group of telephone, 
exchanges embodying every appliance which the best 
telephone engineering talent in the country has been 
able to bring to bear upon the cowplex and many- 
sided problem of maintaining an efficient service of 
telephonic communication in such a city as New York. 

If any newspaper scribe, before he lightly sits him- 
self down to indite a diatribe against the niggardly 
economy of the telephone companies and their sys- 
tematic suppression of improvements in methods and 
apparatus, would pay a visit to one of these exchanges, 
he would find both methods and apparatus of a far 
higher standard than in wany other technical estab- 
lishments. Then let him figure out the cost of an eight 
story telephone building, and a multiple switchboard 
for 3.600 subscribers, of the distributing board, motors, 
generators. and batteries, of the miles and wiles of 
wire within the building and the miles of underground 
eable without, let him ponder over the cost of mainten- 
ance and the salaries of a staff which would fill a good 
sized theater, and if the calculation leaves hiw still 
with power to think, he will think twiee before inform- 
ing the public that the telephone companies spend no 
money, and merely plot day and night to achieve the 
difficult operation of eohching whales with sprats.— 
The Electrical Engineer. 


ALLOY OF ALUMINUM AND TIN. 


M. Boursovuzk has compounded a very useful alloy 
of aluminuw and tin, by fusing together 100 parts of 
the former with 10 parts of the latter. This alloy is 
paler than aluminom, and has a specific gravity of 
2°85, that is, it is a little heavier than the pure metal, 
but not too heavy to be formed into parts of instru- 
ments intended to be very light. The alloy is not so 
easily attacked by the several reagents as aluminutn is, 
and it can also be worked more readily. Another 


great advantage of it is that it can be soldered as easily 
as bronze, without further preliminary preparations, 


opening, and it may be hoped that ere long some well 
qualified writer will undertake it. In the meantime, 
I desire to attempt to bring out a few of the more strik- 
ing of these lessons in so far as they concern, (a) — 
(b) the ram, (c) high explosives and torpedoes, (d) 
mor, and, more especially, (¢) guns, and their role in 
action. 

Speed has played a more important part in prelimi- 
nary tactics than in actual battle. It has, on several 
occasions, enabled a ship to bring her enemy to action. 
It has never enabled her to beat him. On the other 
hand, when once an action has been begun, excessive 
speed has, over and over again, proved to be almost 
useless. Excessive speed, in the proportion of about 
16 to 11, was possessed by the Shah when she engag- 
ed the Huasear off Ilo on May 29, 1877. But there is 
no reasov for believing that the Shah conld have 
ever effectually rammed her opponent, had she desired 
to do so. 

Excessive speed, in the proportion of about 11 to 5, 
did not, at the battle off Fquiqui. on May 21, 1879, put 
the ironeclads Huasear and Independencia on terms of 
overwhelming superiority with the small unarmored 
Chilian vessels Esmeralda and Covadonga. It is true 
that the Huascar rammed the Esmeralda and sank 
her, but not until the Esmeralda’s engines had been 
rendered powerless. And when the 12 knot Indepen- 
dencia tried to ram the 5 knot Covadonga, the slower 
craft easily slipped away, leaving her enemy to run 
upon a rock. At the battle of Angamos, on October 
8, 1879, the 12 knot ironclad Cochrane brought the 
slower Huascar to action, but repeatedly failed to ram 
her. But when the Huascar, after « most gallant de- 
fense against largely superior forces, at last hauled 
down her flag, the fearful damage which she had sus- 
tained was found to be due to gun fire, and to that 
alone. 

Admirai Sir George Elliot was for many years the 
arch champion of the ram. But 1 think that it is de- 
monstrable that the ram, unless the way for it be first 
prepared by means of effective gun fire. is an almost 
useless weapon. In the history of modern naval war- 
fare there are on record one or two cases of successful 
and dozens of examples of fruitless attempts to ram. 
The earlier ones occurred during the civil war in 
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America. On March 8, 1862, the Virginia, late Merri- 
mac, rammed the Federal ship Cumberland, and 
eventually sank her But the Cumberland was at the 
time at anchor. Next day, when the Monitor appear- 
ed upon the scene under steam, the Virginia, on at 
least five separate occasions, tried in vain to ram her. 
A tew weeks later, in April the Confederate ironclad 
Manassas attempted to ram a Federal vessel, but 
missed her, ran ashore, and had to be abandoned. On 
August 5 following, the Arxansas did effectually ram 
the Federal ship Essex, but not until the latter's 
machinery had been seriousty damaged. And again, 
on August 5. 1864, the Tennessee could not be rammed 
so long as her engines worked properly. ‘These are the 
chief ramming incidents of the war of secession. 
Neither the Kearsarge nor the Alabama tried ramming 
during the course of their historical fight off Cherbourg. 
During the four years’ struggle there were hundreds of 
attempts at ramming, but not more than a half a 
dozen of thew were successful. The results were very 
similar in the war of 1866 It is on record that at 
the battle off Lissa on July 20, 1866, nearly every ship 
engaged—and there were over forty vessels—made oue 
or more efforts at ramming, yet the only craft that 
suffered by the ram had just previously had her steer- 
ing gear temporarily damaged by gun fire. But for 
this, the Ferdinand Max would searcely have sunk the 
Re d'Italia. In the Paraguayan war, also, the only 
effective ramming was exercised by the Brazilian ship 
Amazonas upon a Paraguayan craft that was already 
disabled. 

During the war of 1870-71 the efforts of the French 
—— Bouvet to ram the German gun-boat 

eteor, off Havana, were futile. In the engagement 
off Carthagena between the Spaniards and the revoln- 
tionists on October 10, 1873, ramming was not attempt- 
ed. In the course of the cunflict between Chili and 
Peru the ram was very often used, as, indeed, it had 
been, without success, by the Huascar in her fight 
with the Shah in 1877. In the battle off Iquiqui, on 
May 21, 1879, the Huasear, as has already been men- 
tioned, sank the gallant Esmeralda by ramming her. 
But only when the Esmeralda was unable to move. In 
two previous endeavors the Huascar—although her 
opponent had a speed of only three knots—had been 
unsuccessful, and in the successful attempt she injured 
herself considerably. In the same action, the Inde- 
pendencia tried three times in vain to ram the Cova- 
donga, and ultimately, as has been shown, sacrificed 
herself. In the action of July 10, 1879, between the 
Peruvian Huascar, then capable of steaming 10% 
knots, and the Chilian corvette Magellanes, an 11-knot 
ship, the former made four fruitless attempts to ram 
the latter. And at the battle of Angamos, on October 
8 following, the Huascar tried to ram the Cochrane 
and the Blanco Encalada each once, and three times 
escaped the ram of the Cochrane. With all these 
examples in point, it is scarcely exaggeration to say 
that a ship, so long as she can keep way on her, and so 
long as she can steer, need not fear an enemy's ram, 
provided, of course, that she be properly handled. 

The value of high explosives and torpedoes was re- 
peatedly demonstrated during the war of secession, 
the Russo-Turkish war, the Chilian conflict, and the 
French operations in China. But the limits of their 
powers were also defined with tolerable clearness. In 

orth America many vessels were blown up by mines 
or torpedoes. But torpedoes, speaking broadly, were 
almost as fatal to their users as to those against whom 
they were used. In the Russo-Turkish war, the tor- 
pedo undoubtedly exercised a strong moral effect, but, 
as compared with what was expected of it, did very 
little. A Russian gun-boat engaged in the attack of 
Sulina was blown up by a fixed mine. The Turkish 
monitor Seifi, a bad look-out being kept, was sunk in 
the Danube by the explosion of two spar torpedoes 
applied by Lieutenants Tschestakoff and Doubasoff, 
on the night of May 25, 1877. And an unarmored 
Turkish war ship of about 1,300 tons displacement was 
sunk in Batoum Roads on the night of January 25, 
1878, by two Whitehead torpedoes discharged from 
boats under Lieutenant But other 
attempts—and there were many—to use mines and tor- 
pedoes of various kinds led to no satisfactory resalts, 
and it is tolerably apparent that, with care, ordinary 
material precautions, and a good look-out, a ship, if 
not actually in action with another ship or ships, 
should generally be able to protect herself against 
weapons of this class. In the Chilian conflict, again, 
the torpedo exercised a moral effect, but did little. 
On May 5, 1880, two drifting torpedoes were sent out 
of Callao harbor, but were detected by the Amazonas 


and rendered harmless. Several Lay torpedoes were | 


employed, but, so far as is known, they did no damage. 
and although the ships Loa and Covadonga were 
successfully blown up by the Peruvians off Callao, the 
work was effected by strategy of a kind which, it may 
be hoped, will not often be repeated by civilized belli- 
gerents. 
in'a fruit boat. The Covadonga was sunk by dyna- 
mite concealed in the keel of an empty gig that was 
sent adrift by the Peruvians and unsuspectingly pick- 
ed up by the blockaders. Lieutenant Goni, of the tor- 
pedo boat Guacolda, tried to blow up the Peruvian 
cruiser Union with a spar torpedo, but only succeeded 
in demolishing part of the vessel’s boom protection. 
Previously the Peruvians had endeavored, from the 
Huascar, to destroy the corvette Abtao with a Lay 
torpedo, but the weapon turned back on its course, 
and would have struck the 
her lieutenants, Don Diez Conseco, gallantly jumped 
overboard in his clothes and guided the dangerous 
machine aside. No wonder that Admiral Grau, on his 
return to Iquiqui, declined to have anything further 
to do with such traitorous things, and buried the rest 
of his Lay torpedoes in the cemetery there. 
the French used torpedoes of other makes, and suc- 
ceeded in disabling one vessel. But the two torpedo- 
boats which were employed—Nos. 45 and 46—were 
both put out of action by light gun-fire. 

As regards armor protection for ships, the verdict 
of recent naval warfare seems to be as follows, It is 
difficult to over-rate the value of armor, provided the 


‘It is worthy of note,” says Lieutenant Mason, 
“that while the Chilian vessels could always bring 
sowe of their guns to bear on the Huascar, the Huas- 
ear found herself in many positions where only sheer- 
ing would bring her guns to bear on them.” 


dorus B. M. Mason, of the United Navy, says: “ The 
arwor in this case was only a great disadvantage to 
her. It served to explode the enemy’s projectiles, 
which it in no case stopped when they struck at any 
but the smallest angles. The backing and inner skin | 
only served to increase the number of fragments which | his was because the Huascar having lost the supe- 
were driven into the interior of the vessel with deadly riority in light gun-fire, was able only to use the two 
effect. On the contrary, the shell that passed through | !0-in. 124¢-ton guns in her turret. She could not fight 
the light iron sides of the forecastle did not explode, | her unprotected guns at all after the first few minutes. 
and did but little damage.” The Huasear’s side armor, | The Cochrane and the Blanco Encalada, on the other 
itshould be explained, was only from 244 to 4}¢ in.thick, | hand, having silenced the Huascar’s light guns, were 
with 10 in. of teak backing, and an inner skiu of 4¢-in. | able to bring all their armament into play. This was, 
iron. The turret armor was 54 in. thick, re-enforced lin the case of each, six 9-in. 12-ton guns, one 20-pr., one 
round the ports with extra 2-in. plates, and backed | 9-pr., and one 7-pr., supplemented in the case of the 
with teak to make up a total thickness of 184g in., the | Blanco by two, and in that of the Cochrane by one, 


The Loa was destroyed by a mine conceared | 


whole having behind it a 4%-in. iron skin. he ship, |1-in. Nordenfelt machine-gun, and in both cases by 
when boarded by her captors, was a shambles. Steel 
or compound armor of 5in. in thickness would prob- 
ably keep 90 per cent. of all save the heaviest shells 
from bursting within a ship. But any thinner side 
armor—except for mere gun shields—would seem to be 
a dangerous snare, and for the protection of a vessel’s 
vitals a considerably greater thickness is necessary. 
All recent naval engagements teach with singular 
unanimity that the ship’s engines and boilers should 
be protected at all hazards. A modern shifthat can- 
not move is, in action, doomed, no matter how power- 
ful she may be. 

From what has been written above, it is apparent 
that speed, the ram, and high explosives were factors 
of secondary importance in the majority of the naval 
actions of the last thirty years. The main factor was 
almost always gun-fire. On March 8, 1862, the Virginia 
vanquished the Congress entirely by gun-fire ; next 
day the Monitor drove off the Virginia entirely by gun- 
fire; on April 7, 1863, the Federal ram Keokuk was 
sunk entirely by gun-fire ; on June 17, 1863, the Wee- 
hawken sunk the Atlanta entirely by gun-fire ; the 
Alabama was destroyed entirely by the gun-fire of the 


simply and solely by gun-fire; at Lissa, the Palestro 
was destroyed by gun-fire; in the Danube a Turkish 
monitor was sunk entirely by gun-fire ; and nearly all 
that the French did in the River Min was effected by 
gun-fire alone. 

It would be easy, though it would be monotonous, to 
multiply fivefold these examples of the position which 
gun-fire holds as the chief factor in modern naval ac 
tions. Up to the moment of actual fighting, the chief 
factor is speed. From that moment onward, at all save 
the shortest distances, it is gun-fire, 4nd gun-fire to 
the end. If armor had no limitations. armor might, io 
certain circumstances, supplant gun-fire as the most 
important factor; but since it is confessedly impos- 
sible so to armor the whole of a ship that no projectile 
shall anywhere enter her, armor is, at best, only a 
cowpromise. We know that it cannot afford absolute 
protection. All that we hope is that it may oceasion- 
ally stand in good stead. On the other hand, we know 
that the better, the fuller, and the more rapid our gun- 
fire, the greater is our chance of hitting some of the 
inevitable weak points of our enemy. 

Gun-fire may be spoken of as of two kinds. There 
is the gun-fire which is chiefly designed to act against 
the enemy’s material; there is the gun-fire which is 
chiefly designed to act against the enemy’s men. The 
former species is heavy and comparatively slow ; the 
latter is quick and comparatively light. The latter first 
) demands consideration. 

Light gun-fire includes the fire from quick-firing and 
|} machine guns, as well as from rifles ; and its function 
|may be characterized as murderous and preventive. 
| Light guns to-day hold a position equivalent to that 
| which was held by the “‘murthering pieces ™ of the early 
|seventeenth century. Their aim is to prevent the in- 
| dividual from showing bimself, and to promptly put 
|} him out of action if he does show himself. It is their 
| business to deter the enemy from manning his light 
| guns, to throw a hail of projectiles into his ports, and 

to riddle his unarmored parts. When this business is, 
ab initio, thoroughly carried out by the light guns of 
}oue party to an action, the light guns of the other 
party become useless. They cannot be fought. Even 
| the heavy guns can only be fought with difficulty, ow- 
jing to the storm of small projectiles that enters every 
| port, and works destruction and death within. And 
in the meanwhile the people in the unarmored parts of 
| the vessel are suffering severely, both from the fire and 
| from the consciousness that they are unable to wake 
| effective repry. It was undoubtedly to the excellence 
'of their light guu-fire that the Chilians owed most of 
their naval successes in the war with Peru. At the 
battle of Iquiqui, the Esmeralda’s fire, up to the very 
moment when she sank, was extraordinarily fierce. 
Captain Grau, of the Huascar, afterward spoke of the 
Esmeralda having used mitrailleuses. Unfortunately 
for herself, she had no machine gun of any kind. It 
was the intensity of her rifle fire that misled the hervic 
Grau, who himself confessed that, so demoralized was 
his crew, had Captain Prat, of the Esmeraida, 
boarded him with a score of men, instead of with only 
|one seaman, the Huascar would probably have been 
| carried. 
| Inthe fight between the Shah and the Huascar, a 
Gatling gun in the former’s foretop effectually drove 
| the crews from the two 40-pr. and the one 12-pr. guns 
|on the latter’s quarter deck. Mindful of this, Gran, 
in the summer of 1879, caused a Gatling, protected by 
an iron screen, to be fitted in the Huascar’s maintop ; 


| killed or driven below by the rifle fire from the Coch- 

| rane, and, as in the earlier action, the quarter deck 
guns were also subjected to so hot a fire that they 
could not be served. 

| The Chilians on this occasion had twelve picked 


spectively of both the Cochrane and the Blanco Enea- 
lado, and, in addition, used Nordenfelt guns. The 
result was that no one who showed himself on board 
the Huasear escaped unhurt. Eighty officers and men 
| out of her crew of 200 were killed or wounded. 
A Chilian officer who was present has since expressed 
his opinion that the victory of Angamos was distinctly 


Kearsarge ; the Huascar was vanquished and captured | 


| riflemen in the 

Immediately after the battle, Hotchkiss revolving 
cannon were fitted in both vessels. Light gun-fire 
| played an ually important part in China and at 

Simetels. Ta China it prevented the enemy, both 
ashore and afloat, from using his guns to good advan- 
tage; at Alexandria it drove the Egyptians from the 
ecasemates, or killed gun’s crew after gun’s crew that 
remained at its post. In fact there are good reasons 
for believing that where two forces are otherwise any- 
where nearly equal, the force which earliest obtains 
and preserves the a in light gun-fire will ulti- 
mately be the victor ; and this being so, the multipli- 
cation of quick-firing and machine-guns in British 
men-of-war is, apart from other arguments in favor of 
it, earnestly to be desired. 

The quick-firing gun fs, however, not exclusively a 
murderous and preventive weapon. It also takes rank 
among heavy guns, and among pieces that are design- 
ed for the destruction of material. And this applies as 
well to 3-prs. and 6-prs. as to 14-prs. and to 4°72-in. and 
6-in. guns, According to a statewent ina 
paper on ‘‘ Quick-firing Guns for Fortress Defense,” by 
Captain F. G. Stone,* R.A., at Eastbourne, a shell 
| from a 6-pr. Hotchkiss “‘ struck the chase of a 10°4-in. 
| breech-loading gun and penetrated into the bore ;” 
and “at Shoeburyness a 9°2-in. breech-loading gun 
was struck on the chase and a bulge of nearly half an 
inch was raised on the interior of the bore, thus rend- 
ering the weapon unserviceable.” Every one does not 
perhaps know what the big guns which were thus 
| easily damaged are like, and how important a feature 
|they form in the armament of vessels in which they 
are mounted. The so-called 10 4-in. breech-loader was, 
| presumably, a 29-ton gun, 26 ft. 8 in. long; the 92-in. 
| breech-loader weighs 22 tons, and is over 24 ft. long. 
| Both are guns such as form part of the primary arma- 
|ment of several of our battleships, and they are so 
| heavy that not more than two or four of them can 

easily be carried in any vessel. If mounted en barbette, 
| they are altogether exposed. If mounted in a turret, 
|/about one-third of their length is unprotected, and 
| their length practically precludes their being mounted 
on disappearing carriages, save in sbips that may be 
ispecially built for them. Thus these large guns are 
| necessarily very vulnerable, and, seeing that there are 
| in existence scores of warships that are capable of fir- 

ing from their quick-firing guns from 100 to 200 projec- 
tiles a minute, and that these quick-firing guns are 
| singularly accurate, it is not unreasonable to suppose 
| that in the next great naval engagement a number of 
heavy guns will be put out of action, as well by the de- 
|structive as by the murderous effect of quick-firing 
|guns. Quick-firing guns of the larger calibers are, of 
| course, of too recent introduction to have been practi- 
| eally tested on a grand scale in naval warfare, but in 
| his comments on the battle of Angamos, Lieut. Mason, 
| speaking of the smali guns of the Hotchkiss and Nor- 
denfeldt types, points out that they had already proved 
themselves effective, not only against the personnel, 
| but also against the materiel. Admiral Albini, the dis- 
tinguished Italian specialist, has fully recognized the 
|importance of quick-firing and machine guns in the 
preparation of his latest designs for battleships and 
cruisers. He would give his ideal battleship four heavy 
| guns, eighteen 6-in. guns, and no fewer than twenty- 
‘eight quick-firing and fifty machine guns; and to his 
ideal first class cruiser be would give thirty 6-in. and 
twenty quick-firing guns. A battleship such as Adwi- 
ral Albini’s should have no difficulty in obtaining and 
preserving a superiority in light gun-fire over any ves- 
sel in existence. Having established that superiority, 
she could at leisure knock her enemy to pieces. 

As regards heavy guns—guns, that is, of over 6-in. 
caliber—the lessons of the last thirty years seem to be 
entirely in accordance with the principles enunciated 
by the committee on naval designs, and in a more un- 
compromising tone by Rear-Admiral R. A. E. Scott. 
The committee on naval designs said, in effect, that 
the ideal heaviest gun for battleships should be of 
**about 50 tons in weight.” The conclusion was arrived 
at on the score of the overwhelming importance of 
lightness, handiness, durability, rapidity of manufac- 

ture and relative cheapness. Adwiral Scott goes fur- 
| ther, and thirks that a 30-ton gun is as big a weapon as 
it is needful to mount in any ship. When we consider 
how very few heavy guns can be borne by any ship, 
how disastrous and yet how easy would be the disable- 
ment of any one of them, how impossible it is to work a 
very heavy gun except by machinery, how lamentably 
short, at best, is the lite of a very heavy gun, and how 
| great is the cost of gun and charge, how many projec- 
| tiles are necessarily thrown away when fired from a 


Huascar, had not one of! but at the battle of Angamos the crew of this gun were | platform so unsteady as that which is afforded by a 


‘ship at sea, how terribly the firing of a very heavy 
gun shakes a vessel, and how important it is to have 
|many guns rather than few—when, I say, we consider 
| all these things, it is difficult to resist the conviction 
| that Admiral Scott is right. Theoretically, a 10 in. 30- 


In China| marksmen stationed in the foretop and maintop re-| ton gun should be able to pierce a thickness of 23 in. of 


| armor at the muzzle, or a thickness of over 21 in. of ar- 
mor at 1,000 yards. That appears to be all that is ne- 
cessary. Very few vessels indeed have arwor.that any- 
where exceeds 18 in. in thickness, and even they have it 
| only over very limited areas. One and all of them could 
undoubtedly be put out of action, and even sunk, with- 
out that armor being once touched. A penetration of 


armor be thick enough to absolutely keep out heavy | attributable to the fact that the Chilians, from the | 18 in. at 2,000 yards seems, therefore, to be all that we 


projectiles and especially shells. It is hard to over- 
rate its danger when the armor is so weak as to permit 
projectiles either to pierce it or to shatter it by ex- 
loding deep in its substance. Speaking of the 


uasear, at the battle of Angamos, where she was 
obliged to strike to the Chilians, Lieutenant Theo- 


very commencement, obtained and preserved the supe- 
riority in light gun-fire. 

This is saying a good deal, seeing that on that day 
the Peruvians were two against six, or, so far as the 
ships actually in hot action were concerned, one against 
two, 


| need ask for. Our 10-in. 29-ton gun at that range can 
pierce 194¢ in. with a full charge, and it possesses the 
immense advantage of being workable, in case of need, 
by hand. Besides this, it is relatively cheap, durable, 
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and quickly manufactured, and, if ships were specially 
designed for it, could be easily mounted on a disap- 

aring carriage. ‘* Disappearing guns aay | en bar- 

ite,” says the American Captain Goodrich, in his offi- 
cial report on the bombardment of Alexandria, “are 
very efficient.” Nor is it dificult to understand why. 
They can often be fought even when the superiorit 
of light gun-fire has been lost, for their crews may al- 
ways be under protection. 

ut experience shows that too much may be sacri- 

ficed for the sake of heavy guns, though they be by no 
means of the largest caliber. Let us, for example,take 
the case of the Shah as she was at the time of her bat- 
tle with the Huasear, in 1877. The Huascar’s thickest 
armor was 74¢ in. on parts of her turret, 54¢ in. on other 
parts, and 44¢ in. on the sides. The Shah’s heavy guns 
were two 9-in. 12-ton, sixteen 7-in. 64¢-ton, and eight 
64-prs., all rifled muzzle loaders. At 3,000 yards, or less, 
any one of the eighteen larger guns should, theoreti- 
cally, have been weil able to pierce every part of the 
Huascar’s side armor. The engagement took place for 
the most rt at ranges varying, according to Chief 
Engineer Aing, from 1,500 to 2 500 yards, and between 
seventy and eighty projectiles struck the Peruvian 
ram, yet her armor was only once penetrated. I 
put this forward merely because it tends to prove that, 
even when the best gunners are concerned, an immense 
amount of heavy gun fire may be fruitlessly expended 
in an action at sea. The amount of waste is largely de- 
pendent upon the state of the sea, and upon the gen- 
eral conditions of the fight. At the battle of Anga- 
mos, when the action was of far shorter duration, the 
Huascar was exposed to the fire of twelve heavy guns 
of 9-in. caliber, exactly similar in character to the 
Shah’s two largest weapons. It may be said, there- 
fore, that the guns engaged (there were at Angamos 
no lighter armor-piercing guns) were, roughly, of about 
the same total power on the two occasions. Yet at 
Angamos the results, so far as the Huascar was con- 
cerned, were very different. She was, according to 
Mr. H. D. Pender, who visited her after the fight, 
struck upward of twenty times. At least a dozen pro- 
jectiles traversed the armor—several in its thickest parts 
—and burst inside the ship. For example, a shell pene- 
trated the armor of the turret in its thickest part, to 
the left of the port of the right gun, killing and dis- 
abling most of the guns’ crews. Another struck the 
turret near the top, burst in the turret, and killed or 
mortally wounded every man in it. A third pierced 
the armor abreast of the engine room, covered the en- 
gines with debris, and killed or wounded several per- 
sons in the engine room gallery. Here the heavy guns 
did the work that was reasonably to be expected of 
them, although probably the gunners were far inferior 
to those of the Shah. It is a question of conditions. 
To quote Captain Goodrich again, ‘* The swell tells 
against the shooting,especially of ships engaging broad- 
sideon.” The conditions of light and wind also mate- 
rially influence results, and — not only in the 
South Pacific and at Alexaudria, but also in North 
America, at Lissa, in the Dano-German war, and in 
China, shows exclusively that it is not always practi- 
eally possible to make very heavy guns do the work 
which, in theory, they ought to do with ease. Lighter 
guns, besides being more quickly aimed, produce less 
smoke, and involve a less serious expenditure of am- 
munition, as well as diminished expenditure of exer- 
tion. Even if the percentage of hits be no greater, the 
actual number of hits is always larger, and in a day 
like the present, when at 2,000 yards a6-in. B. L. gun 
will theoretically penetrate 84 in., a 4°72 quick-firing 
gun over 7 in., and a14-pr. quick-firing Nordenfelt 
nearly 5 in. of armor, the destructive value of compara- 
tiveiy light guus cannot be sneered at. 

To officers taking their ships into action, the general 
lessons of the last thirty years of naval warfare seem, 
to sum up, to be very clear and explicit. The more 
important of the:n may be thus set forth : 

1.—Let your first object be to establish and maintain 
a superiority in light gun-fire over your enemy. Open 
fire early with quick-firing and machine guns so as to 
drive the hostile crew from the decks, the tops, the un- 
armored structures, and the neighburhood of the ports. 
Do not omit, too, to devote attention to the exposed 
parts of his heavy guns, to funnels, and to the sight- 
ing hoods on his turrets or near his barbettes. 

2.—As you decrease your distance, say to 2,000 yards, 
open fire with your medium guns, e. g., your 6-in. guns, 
especially on his unarmored ends, on his conning tow- 
ers, and on the neighborhood of his wheels, meanwhile 
keeping up your light gun-fire unintermittently when- 
ever you can see your foe. 

3.—Decrease your distance to 1.200 yards—i. e., to 
what may be called point blank range—ere you open 
with any gun of more than 6-in. caliber, but never di- 
minish it to less than 600 yards, for fear of torpedoes. 

4.—Never attempt to ram. If you try before your 
enemy is disabled, the chances are as a hundred to one 
thai he will evade you, and perhaps torpedo you as 
you pass him. If you try after you have disabled him, 
you may succeed, but you will infallibly injure your- 
self in the collision, and while you surrender all chance 
of taking him, you will lay yourself open to his torpe- 
does. When you have demoralized your adversary, 
finish him with your heavy guns, still keeping down 
his light gun-fire and checking his heavy gun-fire 
by means of your quick-firing and machine guns. 

5.—Never pick up any floating boat or other object 
that might by chance belong to the enemy. It is per- 
haps a Greek gift. 
_ 6§.—Be prepared to remedy any wnishap to your steer- 
tng gear. The immediate cause of the loss of the Inde- 
pendencia, the Huascar, the Re d’Italia, and many 
other vessels, was the sudden disabling and tardy re- 
pairing of the steering arrangements. 

To naval constructors and to those whoare responsi- 
ble for the armament of war ships, the practical lessons 
of the past are even clearer, but they have already 
been sufficiently suggested. Shortly put, ng J are. 
Armor your vitals, protect your guns’ crews, have a 
large secondary armament, avoid very heavy guns, and 
put such heavy guns as you retain on disappearing 

necessary, by hand.—Jowr. nited 
Service Institution. 4 


‘ It is reported that a diet of fresh, sweet buttermilk 
as been often found favorable, and even effectual, to 
the cure of Bright's disease. 


ANNAPOLIS ARMOR TRIAL. 


THE tests of armor begun at the naval ordnance 
proving grounds, Annapolis, under the supervision of 
ommodore Folger, Chief of Ordnance, on the 18th of 
September, and continued and concluded on the 22d, 
were not only by far the most important ever held in 
this ae. but were among the severest ever made 
anywhere in the long contest for supremacy between 
targetand gun. The extent of the victory won by 
nickel-steel in this trial can be best shown by the illus- | 
trations herewith presented of the rival plates as they | 
appeared at the end of the competition. 
he plates tested were a compound plate having a 
hard stee) face and wrought iron back, made by Charles 
Cammell & Co., of Sheffield ; a forged steel plate made 
by Schneider & Co., of Le Creusot ; finally, a plate also 
from Le Creusot, made from an alloy of steel with 
about 344 or 344 per cent. of nickel. 

The two most famous firms making compound armor 
in England are John Brown & Co, and Charles Cam- 
mell Co., both of Sheffield. The former ewploys 
the patent of John D. Ellis, its managing director ; 
the latter, the patent of George Wilson, also its manag- 
ing director. Lieut. W. H. Jaques, formerly of our navy 
and now of the Bethlehem Iron Works, gives this de- 
scription of the mode of manufacturing compound | 
plates by Cammell and Brown : 

The iron back is made by the ordinary method of 
manufacturing wrought iron plates, and is common to | 
the two establishments. The method at present sa 
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THREE PLATES BEFORE FIRING. 


ployed by Brown is to lay the forged steel face plate 
over the wrought iron plate, from which it is separated 
by a wedge frame round three sides, and rows of steel 
blocks called distance pieces. Thus prepared, they are 
carried to the heating furnace, where, after covering 
all exposed steel surfaces with gannister, they are 
raised to the proper temperature and transferred toa 
vertical iron pit, where a hydraulic ram holds all the 
parts securely and prevents the bulging of the face 
late. Molten steel, either Bessemer or open hearth, 
s then poured into the space between the plates, and 
after sufficient time has been allowed for it to solidify, 
the whole is placed in a hydraulic press of 6,000 tons ca- 
city and the thickness reduced about three inches. 
he plate is then finished by reheating, passing through 
the rolls, bending, planing and fitting it for the service 


uired. 

“Gammel heats the wrought iron plate to the required 
temperature, and rolls it into an iron mould that 
works on trunnions. The mould is then lifted by a 
crane to a vertical position and landed into a pit, 
where it receives the open hearth or Bessemer steel 
which is to constitute the hard face. After solidifying, 
the plate is finished in the rolls. 

Two-thirds of iron and one-third steel are still ac- 
cepted as the best proportions. Both methods seg 
practically the same results under fire. Major Mackin 
ley, R. A., writes, 1885: ‘‘ Ellis’ plan has the advan- 
tage of a very good front surface, but the results at- 
tained by each are generally considered to be about 
the same as far as present experience has shown.” 

The most famous producers of steel armor are 
Schneider & Co., of Le Creusot, in France, while in 
England Whitworth and others are well known. 
Lieut. Jaques says of Schneider & Co. that ‘‘besides 


ALL-STEEL PLATE AFTER FIVE SHOTS. 


possessing methods of composition, tempering and 
annealing, and treatment generally, which no one has 
been able to equal,they have a valuable experience that 
enables them to rapidly increase the efficiency of their 
production.” This last assertion has now been strik- 
ingly verified. In manufacturing compound plates 
one difficulty is that of joining the iron and steel, 
whereas a Schneider plate is a single ingot of homo. 
geneous metal. These ingots, according to Rear- 
Admiral Simpson, of our navy, ‘‘are cast nearly cubical 


roo which the edges are cut off with powerful 


According to Lieut. Jaques, the difference of object 
in the two systems way be described as follows: 

* The steel face of compound armor contains about 
0°7 per cent. of carbon, and its object is to deform or 
break he rojectile on impact, while the wrought 
iron back holds the plate together and keeps the steel 
oS its work. The iron back is not expected to be 
of much value in keeping out the shot after it has 
penetrated the steel face. Major Mackinley, R.A., 
thinks that compound armor has an advantage be- 
cause its face is so hard, but considers that the union 
of the two materials, steel and wrought iron, prob- 


NICKEL-STEEL PLATE AFTER FIVE SHOTS. 


po leads to complication and uncertainty in re- 
salts. 

“Schneider steel armor contains about 0°4 per cent. 
of carbon, and is very carefully tempered. e outer 
surface of the plate is slightly harder than the inner 
surface, and the object to be attained is not only to 
destroy the shot on impact, but to present as great 
and nearly uniform a resistance as possible through- 
out the entire thickness of the plate, so that it may 
hold together till the shot is broken. 

“Compound armor, therefore, shows to better ad- 
vantage, so far as a surface work is concerned, 
when the projectiles are poor than when they are 


It — remains to speak of the third plate, the one 
containing an alloy of nickel. The possibility of ob- 
taining greater tenacity from such an admixture has 
been a subject of study and experiment in Europe for 
two or three vears. Schneider & Co. found that the 
tensile tests in certain combinations of nickel with 
steel were very satisfactory, and it is said that the 
ballistic tests with small plates yielded promising 
results. 

But no nickel-steel plate of the size used at Anna- 
polis had ever before been subjected to a public com- 
petitive trial. It is said that the alloy of nickel in the 


-| successful plate is 3°24, with very much smaller per- 


centages of carbon, silicon, and of manganese, but 
there is no official statement on this point. 

The three plates were each 8 feet high by 6 feet wide, 
the two Schneiders being 10°5 inches thick and the 
Camwmell 10°6 inches. They were bolted to 36 inches 
of oak backing, well uence with supports. The gun 
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COMPOUND PLATE AFTER FIVE SHOTS. 


used on the first day was a 6 inch naval breech-loading 
rifle, specially constructed at the Washington ord- 
nance factory for the purpose, and made about 14¢ feet 
longer than the standard gun of this caliber so as to se- 
cure a higher initial velocity. The charge was 44 Ib. 
of American cocoa powder, which was estimat to 
give a muzzle velocity of 2,075 feet per second and a 
muzzle energy of about 3,300 foot tons. At a trial 
against a similar Cammell plate last spring at Ports- 
mouth, the initial velocity of the British 6 inch gun 


inform. An ingot of seventy-five tons is usually heat- 
ed about eight times before being reduced to its final 


was but 1,976 feet and the striking energy 2,800 foot 
tons. The projectiles used at Annapolis were Holtzer 
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forged steel shells, made at 


Unieux, in France, 17 in.| and bardness, with the object of varying the rate of | divided potassium salts, forming the smoke, by the 


long and weighing 100 Ib. each. The armor plates were | burning of those masses in a gun, it being considered | large proportion of water vapor through which they 
ranged on the are of a circle about thirty feet from the| that, as the proportions of ingredients generally em-| are distributed. 


muzzle of the gun. 

Tweive shots were fired. 
suecession at the lower right hand corners of the three 
plates, then three at their lower left hand coruers, 
three more at the upper right hand corners, while the 
final rounds were at the upper left hand corners. 

The first shot was at the Schneider arr-steel plate. 
The projectile perforated the metal, and its point 
reached a few inches beyond into the backing, turning 
up a little ridge of surface metal around the orifice, 
but leaving the rest of the plate intact. 

The next shot was at the Cammell compound plate. 
It went clean through the plate and was embedded in 
the oak backing, the point of the shell having pene- 
trated more than two feet into the backing. The plate 
was splintered around the hole, and seven cracks were 
visible. 

The third shot was at the Schneider nickel-steel 
plate. The projectile was broken, and part of it flew 
back twenty-five feet. The point got through the plate 
and just entered the backing, as in the all-steel plate, 
and asin that also the only injury to the plate was 
immediately around the hole. 

The second series of shots practically repeated and 
enforced the story of the first, and so it was with the 
third and fourth series. In each case the projectile 
was just about able to pierce the two Schneider plates, 
or perhaps to go a few inches into the backing, bat in 
no ease did either plate show cracks. In one instance | 
the projectile rebounded from the all-steel plate, and 
in another it was broken, while the nickel-steel plate 
broke two projectiles. Bat the Cammell plate suffered 
more and more from each shot. At the second shot 
the projectile broke, but the cracks previously show- 
ing as dark lines became open tissures, aud many pieces 
of the steel face were torn off. The third shot set the} 
backing on fire and showed a mass of deep cracks in 
the plate. The fourth shot dismantled the top of the 
plate, stripping off the steel face from the upper holes 
and going clear through the target. backing and all, 
the largest piece of the broken projectile being sunk 
iu the hillside. 

The first day's trial thus ended in the practical wreck 
of the compound plate and the triumph of the two 
steel plates, with the advantage rather in favor of the 
nickel-steel, as showing less injury, although it had 
allowed a little greater penetration of the projectiles. 

Four days later the trial was resumed with au 8 inch 
naval breech loader throwing a 210 1b. shell made by 
Firth of Sheffield on the Firminy process. Had a fifth 
shot been given instead by the 6 inch gun, it would 
have formed an ordinary test; as would have been 
ouly two shots with the 6 inch and one with the 8 inch 
guu. But the test was to be more exhaustive than at 
first had been intended. However, on account of the 
short range and the previous weakening of the plates, 
it was deemed prudent to use only 85 poands of 
pont’s brown prismatic powder in the 8 inch gun, 
which gave an witial velocity of but 1,850 teet. 

The first shot was fired at the center of the all-steel 
plate. The point of the projectile penetrated it and 
entered 44¢ inches into the wood backing, then re- 
bounded, broken into three nearly equal parts. The 
edges of the hole were splintered, and four cracks 
radiated from it through the holes made by the 6 inch 
shots and continued to the corners of the plate. 

The second shot was fired at the center of the nickel- 
steel plate. The point of the projectile reached about 
11 inches into the backing, but was badly broken up, 
about a third of it remainiug in the plate. What was 
most important, there were no cracks anywhere, and 
the only injury was the ragged edge around the orifice. 
The third shot was at the compound plate, and inas- 
much as it had already been nearly ruined, the pro- 
jectile went clean through the plate, through three 
febt of oak backing also, through a part of ove of the 
braces and lodged unbroken 12 feet deepin the packed 
earth. Almost the entire face of the plate was gone, to 
the depth of 3 to 5 inches, irregular nl clinging to 
the side supports. The wrought iron back of the plate 
held its place agaiast the oak, but it had, of course, 
offered littie resistance. Fragments of steel flew long 
distances, and a mass of them dropped in front of the 
plate. 

Thus the trial ended in the victory of the nickel- 
steel. Save for the 8 inch shot, that vietory would not 
have been so complete, since presumably the all-steel 
slate would have stood anether 6 inch shot very well. 

he American guns appeared to great advantage, as 
did also the Holtzer projectile; but the Firth shells 
did less well. Congress showed its appreciation of the 
value of this trial by promptiy authorizing the pur 
chase of $1,000,000 worth of nickel ore and nickel watte, 
so as to permit the alloy of nickel inthe steel plates to 
be made for our new ships. This can easily be done, 
since thé Schneider process of making steel armor is 
the one used at the Bethlehem Iron Works im its large 
contract with the government for our new havy.—J. 
Y. Sun. 


(Continued from No, 771, page 1220 | 
MEETING OF THE BRITISH ASSOCIATION, 


Ist), 


i HE INAUGURAL ADDREss, BY SIR FREDERICK AUGUS- 
tus ABEL, C.B., D.C.L. (Oxon ), DSc. (CAN'R.), 
F.R.S., P.P.C.s Hon. M. Insv. C.E., PRESIDENT. 


IMPROVEMENTS IN GUNPOWDER 


THE replacement of smooth bore guns by rifled ar- 
tillery, which followed the Crimean war. and the great 
increase in the size and power of guns, necessitated by 
the application of armor to ships and forts, soon called 
however, for the pursuit of investigations having for 
tueir object the attainment of means for variously 
modifying the action of fired gunpowder. so as to ren- 
der it suitable for artillery of different calibers whose 
power could not be effectively, or, in some in 
stances, safely, developed by the use of the only kind 
of gunpowder then employed in English artillery of all 
calibers. 

The means resorted to in the earlier of these investi 


gations, and adhered to for many years, for controlling | 


| 


the violence of explosion of gunpowder, consisted ex- 
clusively in modifying the size and form of the indi- 
yilual masses composing a charge, and of their density 


| ployed very nearly correspond to those required for 


| the thoroughl 

of the doamed. results should be, if possible, effected 
jrather by moditications of the physical and me- 
|echanical characters of gunpowder than by varia- 
| tions of the proportions and chemical characters of its 
ingredients. 

The varieties of powder from time to time introduced 
|into artillery service, as the outcome of investigations 
|in this direction, were of two distinct types: The first 

of these consisted of further developments of the old 
granulated or corned powder, being produced by 


breaking up more or less highly pressed slabs of the | 


material into grains, pebbles or bowiders of a; proxi- | 


|} mately uniform size and shape. Gunpowders of this 


|elass, ranging in size from about 1,000 pieces to the, 


ounce to about six pieces to the pound, have perform- 


ed efficitnt service, and certain of them are still em- | ; 
| tively little or no smoke, as their efficient employment 


ployed. 

The character of the other type is based upon the 
theoretical view that uniformity in the action of a par- 
ticular gunpowder, when employed under like condi- 
tions, demands not merely identity in regard to com- 
position, but also identity in form, size density, and 
structure of the individual masses of which a charge 
consists. 

To approach the practical realization of this view, 
equal quantities of one and the same mixture of ingre- 
dients. presented in the form of powder of uniform 
fineness and drynes=,must be submitted to a particular 
pressure, for a fixed period in moulds of uniform size. 
the surrounding conditions and subsequent manufac- 
turing processes being as vearly as possible alike. 
Practical experience has, however. shown that uni- 
formity in the ballistic properties of black powder can 
be even more readily secured by the thorough blend- 
ing or mixing together of different products of manu- 
facture, presenting some variations in regard to size, 
density, hardness, or other features, than by aiming 
at an approach to identity in the characters of the in- 
dividual grains or masses, 

When our attention was first actively directed to the 
moditication of the ballistic properties of powder, the 
subject had already been to some extent dealt with, in 
the United States, by Rodman and Dorémus, and the 
latter had proposed the employment, in heavy guns, 
of charges consisting of large pellets of prismatic form. 
While this prismatic powder, which was first used in 
Russia, was being perfected, and extensively applied 
there, as well as in Germany and England, the produc- 
tion of powder masses more suitable, by the compara- 
tively gradual nature of their explosion, for the very 
large charges required for the heavy artillery of the 
present day, was actively pursued in Italy, and by our 
own government committee on explosives. The out- 
come of exhaustive practical investigations being the 
very efficient Fossano powder, or poudre progressif 
of the Italians, and the bowlder and large cylindrical 
powders produced at Waltham Abbey. 

Researches carried out by Captain Noble and myself, 
some years ago. with a series of gunpowders, present 
ing considerable differences in composition, indicated 
that decided advantages might be secured. for heavy 
guns especially, by the employment of such a powder 
as would furnish a comparatively very large volume of 
gas, its explosion being at the same time attended by 
the development of much less heat than in the case of 
ordinary black powder. In the course of these re- 
searches much light was thrown upon the causes of 
the wearing or erosive action of powder explosions 
upon the inner surface of the gun, an action which, 
especiaily in the larger calibers of artillery, produces 
so serious a deterioration of the arm that the velocity 
of projection and accuracy of shooting suffer consider- 
ably, the wear being especially great where the pro- 
duets of explosion, while under the maximum pressure, 
can escape between the projectile and the bore. The 
great velocity with which the very highly heated 
gaseous and liquid (fused solid) products of explosion 
sweep over the heated surface of the metal gives rise 
to a displacement of the particles composing the sur- 
face of the bore, which increases in extent as the latter 
becomes roughened, and thus opposes greater resist- 
anuee. At the same time, the high temperature to 
which the surface is raised reduces the rigidity of the 
metal, and its consequent power of resisting the force 
of the gaseous torrent. And, lastly, some amount of 
chemical action upon the metal, by certain of the 
highly heated, non-gaseous products of explosion, con- 
tributes toward an increase in the erosive effects. Ex- 
periments made upon a large scale by Captain Noble 
with powders of different composition, and with other 
explosives, have affurded decisive evidence that the ex- 
plosive agent which furnishes the largest proportion of 
gaseous products, and the explosion of which is attend 
ed by the developwent of the smallest awount of heat, 
exerts least erosive action. 

Some eminent German gunpowder manufacturers, 
who were at this time actively engaged upon the pro 
duction of a suitable powder for heavy guns, directed 
their attention, not merely to ap alteration of the pro- 
portions of the ingre lients but also to a modification 
in the character ot charcoal employed. ‘The eventual 
result was the production of a new prismatic powder. 
composed of saltpeter in somewhat higher proportion 
than in normal black powder, and of a very slightly 
burned charcoal of reddish brown color, quite similar 
to the charbon roux which Violette produced about 
forty years ago for use in sporting powder, by the 
action of superheated steam upon wood or other 
vegetable matter. ‘This brown prismatic powder (or 
“cocoa powder”) differs from black powder not merely 
in color. It burns very slowly in the open air, and in 
guns its action is comparatively gradual and long sus- 
tained. The products of its explosion are simple. As 
the powder contains saltpeter iu large proportion rela- 
Mond to the sulphur and charcoal, these become fully 
oxidized, and a relatively very large amount of water 
vapor is produced, partly because of the comparatively 
high proportion of water iu the finished powder, and 
partly from the large amount of hydrogen in the 
slightly charred wood or straw used. The smoke from 
a charge of brown powder differs but little in volume 
from that of black pe 
rapidly, owing to the 


This kind of powder has been substituted, with con- 


First came three aimed in| the development of the greatest chemical energy by | siderable advantage, for black powder in guns of com- 
incorporated materials, the attainment | paratively large caliber, but it soon became desirable 


to attain even more gradual action in the case of the 
very large charges required for guns of the heaviest 
ealibers, such as the 110 ton gun, from which shot of 
about 1,800 Ib. weight are propelled by a powder 
charge of 960 Ib. Brown powder has, therefore, been 
modified in composition to suit these conditions, while, 
on the other hand, a powder intermediate in rapidity 
of action between black powder and the brown prism 
myer has been found more suitable than the former 
or use in guns of moderately large caliber. 


SMOKELESS POWDER. 


The importance which machine guns and compara- 
tively large, quick firing guns have assumed in the 
armament of ships has made it very desirable to pro- 
vide a powder for them which will produce compara- 


becomes greatly limited when, after a very few rounds 
rapidly fired, with black powder, the objects against 
which it is desired to direct the fire are more or less 
completely hidden by the interposed smoke. Hence 
much attention has of late been directed to the pro- 
duction of smokeless. or nearly smokeless, powders for 
naval use. At the same time, the views of many mili- 
tary authorities regarding the importance of dispens- 
ing with smoke in engagements on land have also 
created a demand for smokeless powders suitable for 
fieid artillery and for small arms. 

The properties of ammonium nitrate, of which the 
products of decomposition by heat are, in addition to 
water vapor, entirely gaseous. have rendered it a 
tempting material to those who have striven-to pro 
duce a smokeless powder. But its deliquescent charac- 
ter has been a formidable obstacle to its application as 
a component of a useful explosive agent. By incor- 
porating charcoal and saltpeter in particular propor- 
tions with ammonium nitrate, F. Gaus recently claimed 
to have produced an explosive material free from the 
hygroscopic character common to other ammonium 
nitrate mixtures, and furnishing only permanently gas- 
eous and volatile, or smokeless, products of explosion. 
These anticipations were not realized, but they led 
the talented German powder maker, Mr. Heidemwann, 
to produce an ammonium nitrate powder possessing re- 
markable ballistic properties, and producing compara- 
tively little smoke, which speedily disperses. It yields 
a very much larger volume of gas and water vapor 
than either black or brown powder, and is consider- 
ably slower in action than the latter. The charge re- 
quired to produce equal ballistic results is less, while 
the chamber pressure developed is lower, and the 
pressures along the chase of the gun are higher than 
with brown powder. No great tendency is exhibited 
by it to absorb moisture from an ordinarily dry or 
even somewhat moist atmosphere, but it nary 
absorbs water when the hygroscopic condition of the 
air approaches saturation, and this greatly restricts its 
use 


About five years ago reports began to reach us from 
Franee of the attainment of remarkable results with a 
smokeless powder employed with the repeating or 
magazine rifle then in course of adoption for military 
service, and of marvelous vel. cities obtained by the 
use of this ee in specially constructed artillery of 
great leugt 

As in the case of the explosive agent called melinite, 
the fabulously destructive effects of which were much 
vaunted at about the same time, the secret of the 
nature of this smokeless powder was weli preserved by 
the French authorities. It is now known, however, 
that more than one smokeless explosive has succeeded 


‘the original, and that the material at present in use 


with the Lebel repeating rifle belongs to a class of 
nitro-cellulose or nitro-cotton preparations, of which 
several have been made the subject of patents in Eng- 
land, and of which varieties are also being used in 
Germany and other countries. 

A comparison between the chemical changes attend- 
ing the burning or exploson of gunpowder, and of the 
class of nitro compounds represented by gun cotton, 
at once explains the cause of the production of smoke 
by the former and of the smokelessness of the latter. 
While the products of explosion of the nitro com- 
pounds consist exclusively of gases and of water vapor, 
gunpowder, being composed of a large proportion of 
saltpeter, or other metallic nitrate, mixed with charred 
vegetable matter and variable quantities of sulphur, 
furnishes products of which over fifty per cent. are 
not gaseous, even at high temperatures. and which are 
in part deposited as a fused solid—whieh constitutes 
the fouling in a fire arm—and in part distributed in 
an extremely fine state of division through the gases 
and vapors developed by the explosion, thus giving 
to these the appearance of swoke as they escape into 
the air. 

So far as smokelessness is concerned, no material can 
surpass gun cotton (or other varieties of nitro-cellu- 
lose) ; but, even if the rate of combustion of the fibrous 
explosive in a fire arm could be controlled with cer- 
tainty and uniformity, its application as a safe pro- 
pulsive agent is attended by so many difficulties that 
the non-success of the numerous early attemp'!s to 
apply it to that purpose is not surprising. hose 
attempts commencing soon after the discoverv of gun 
cotton, in 1846, and continued many years later in 
Austria, consisted entirely m varying the density 
and mechanical condition of eraployment of the gun 
eotton fiber. No difficulty was experienced in thus 
exercising complete control over the rapidity of burn- 
ing in the open air. But when the material was 
strongly confined, as in the bore of a gun, such 
methods of regulating its explosive foree were quite 
unreliable. as some shght unforeseen variation in its 
compactness or in the amount and disposition of the 
air spaces in the mass would develop very violent 
action. 

Much more promising results were subsequently ob- 
tained by me Y reducing the fiber to a pulp, as in the 
ordinary process of making paper, and converting this 
into highty compressed, homogeneous masses of the 
desired form and size. Some favorable re-ults were ob- 


wder, but it disperses much more | tained at Woolwich, in 1867-68, in field guns, with 
speedy absorption of the finely: cartridges built up of compressed gun cotton variously 
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formed and arranged, with the object of regulating |ordinary black powder sometimes prevail in the | toap ly as substitutes for gunpowder in shells, on ac- 


the rapidity of explosion of the charge. F I 
comparatively small charges often gave high ve'ocities 


of projection without any indications of 1jury to the | 


assigned to them in the ships, but which may 
be yuarded against by measures not difficult of 


gun, the uniform fulfillment of the conditions essential | application. 


to safety 
in guns o 


smokeless explosive in artillery, experiments in this di- 
rection were not persevered in. At the same time con- 


siderable suceess attended the production of gun cotton | 


cartridges for sporting purposes, the rapidity of its ex- 
plosion being controlled by various methods. er. 
promising results were also attained with the Martini 

enry rifle and a lightly compressed pulped gun cotton 
charge. of pellet form, the uniform action of which 
was secured by simple means, 

A ne:rly smokeless sporting powder had, in the 
meantime. been produced by Colonel Schultze, of the 
Prussian artillery, from finely divided wood, converted 
after purification into a mildly explosive form of nitro- 
evllulose, and impregnated with a small portion of an 
oxidizing agent. Subsequently this powder was pro- 
duced in a granular form, and rendered considerably 
more uniform in character, and less hygroscopic. It 
then closely resembled the well known E C. sporting 
powder, which consists of a nitro cotton reduced to 

ulp, incorporated with the nitrates of potassium and 
yarium, and converted into grains through the agency 
of a solvent and a binding material. Both these pow-| 
ders produce very little smoke compared with black 
powder, but do not compete with the latter in 
regard to aceuracy of shooting, when used in military 
arms. 

In past years both camphor and liquid solvents have 
been applied to the hardening of the surfaces of granu- 
lated or compressed masses of gun cotton and of this 
class of its preparations, with a view to render them 
non porous. In some smokeless powders of French, 
German, Belgian and English manufacture. acetic 
ether and acetone have been also used. not merely to 
harden the granules or tablets of the explosive, but 
also to convert the nitro-cellulose, in the first instance, 
into a more or less gelatinous condition, so that it can 
readily be incorporated with other components and | 
rolled, or spread into sheets, or pre-sed into moulds, or | 
squirted into wires, rods, or tubes, while still in a 
pastic state. When the solvent has afterward been 
removed, the hardened horn-like or somewhat plastic 
product is cut up into tablets, or into strips or pieces | 
of suitable dimensions, for conversion into charges 
or cartridges. | 

Another class of smokeless powder. similar in phy- 
sieal characteristics to these nitro-cellulose powders, 
but containing nitro glycerine as an important com- 
ponent, has been originated by Mr. Alfred Nobel. the 
well known inventor of dynamite and bears re- 
semblance in its physical characteristics to another of 
his inventions, called blasting gelatine, one of the most 
interesting of known violent explosive agents. When | 
one of the lower products of nitration of cellulose is 
impregnated with the liquid explosive, nitro glycerine, 
it gradually loses its fibrous nature, becoming gela- 
tinized while assimilating the liquid. and the resulting 
—— almost possesses the characters of a com- 
pound. 

This preparation, and certain modifications of it. 
have acquired high importance as blasting agents more 
powerful than dynamite, and are possessed of the 
valuable property that their prolonged immersion in 
water does not separate from them any appreciable 
proportion of nitro-glycerine. The nitro-glycerine 
powder first produced by Mr. Nobel was almost per- 
fectly smokeless and developed very high energy, ac- 
companied by moderate pressures at the seat of the 
charge, but it sessed certain practical defects, 
which led to the development of several modifications 
of that explosive and various improvements in manu- 
facture. 

The relative merits of this class of smokeless powder, 
and of various kinds of nitro-cellulose powder, are 
now under careful investigation in this and other 
countries, and several more or less formidable diffi- 
culties have been met with in their application. in 
small arms especially. These arise in part from the 
comparatively great heat they develop, which in- 
creases the erosive effects of the products of explosion, 
and in part from the more or less complete absence of 
solid products. The surfaces of the barrel and of the 
projectile being left clean. after the firing. are in a 
condition favorable to their close adhesion while the 
bullet is propelled along the bore, with the consequent 
establishment of very greatly increased friction. ‘The 
latter difficulty has been surmounted by more than 
one expedient, but always at the cost of absolute 
smokelessness. 

Our knowledge of the results obtained in France and 
Germany with the use of smokeless powders in the 
new rifles and in artillery is somewhat limited. Our 
own experiments have demonstrated that satisfactory 
results are attainable with more than one variety of 
them, not only in the new repeating arm of our in- 
fantry, but also with our machine guns, with field 
artillery, and with the quick-firing guns of larger 
caliber which constitute an important feature in the 
armament of our navy. The importance of insur- 
ing that the powder shall not be liable to undergo 
chemical change detrimental to its efficiency or safety, 
when stored in different localities where it may be sub- 
ject to considerable variations of temperature (a con- 
dition especially essential in connection with our 
own naval and military service in all paris of the 
world), necessitates qualities not very easily secured in 
an explosive agent consisting mainly uf the compara- 
uvely sensitive nitro compounds to which the chemist 
is limited in the production of a smokeless powder. It 
ts possiole, therefore, that the extent of use of such a! 
material in our ships, or in our tropical ssessions, 
may have to be limited by the practicability of ful- 
filling certain special conditions essential to its storage 
without danger or possible deterioration. If, however, 
great advantages are likely to attend the employment 
of a smokeless explosive. at any rate, for certain ser-| 
vices, it will be well worth while to adopt such special 
arrangements as may be required for securing these , 
without incurring special dangers. This may prove to 
be especially necessary in our ships of war, where 
‘euuperatures so high as to be prejudicial even to 


roved to be beyond absolute control, even | 
Fomail ealiber, aud military authorities not | 
being, in those days, alive to the advantages which | 
might aeerue from the employment of an entirely | 


Very 


he press accounts of the wonderful performances of 

the first smokeless powder adopted by the French— 

which it should be added, were in some respects con- 

firmed by official reports of officers who had witnessed 

at a considerable distance—engendered a | 
belief that a very great revolution in the conduct of 
campaigns wust result from the introduction of such 
powders. 

It was even reported very positively that noiseless- 
ness Was one of the important attributes of a smokeless 
powder, and highly colored comparisons have, in con 
sequence, been drawn in service periodicals, and even 


iby some military authorities, between the battles of 


the past and those of the future ‘The terrific din. 
eaused by the firing of the many guns and the roar of 
infantry fire, in heavy engagements, being supposed to 
be reduced to noise so slight that distant troops would 
fail to know in what direction their comrades were en- 
gaged, and that sentries and outposts would no longer 
be able to warn their comrades of the approaching foe 
by the discharge of their rifles. Military journal- of 
renown, misled by such legendary accounts chiefly 
emanating from France, referred to the absence of 


noise and smoke in battles as greatly enhancing the | 


demands for skill and courage and as surrounding a 
fight with mystery. The absence of recoil when a rifle 
was fired with smokeless powder was another of the 
marvels reported to attend the use of these new agents 
of warfare. It need searcely be said that a closer 
axequaintance with them has dispelled the credit given 
to such of the accounts of their supposed qualities as 
were mythical, and a belief in which could only be 
ascribable to a phenomenal combination of credulity 
with ignorance of the most elementary scientific 
knowledge. 

The extensive use which has been made in Germany 
of smokeless or nearly smokeless powder in one or two 
special military displays has, however, afforded inter 
esting indications of the actual change which is likely 


| to be wrought in the conditions under which engage- 


ments on land will be fought in the future. provided 
these new exp osives thoroughly establish and maintain 
their position as safe and reliable propelling agents. 
Although the powder adopted in Germany is not ae- 
tually smokeless. the almost transparent film of smoke 
— by independent rifle firing with it is not visi- 
le at a distance of about 300 yards; at shorter dis- 
tances it presents the appearance of a puff from a 
cigar. The most rapid salvo firing by a large number 
of men does not have the effect of obscuring them from 
distant observers. When machine guns and field 
artillery are fired with the almost absolutely smokeless 
powder which we are employing, their position is not 
readily revealed to distant observers by the momentary 
vivid flash of flame and slight cloud of dust produced. 
There now appears little doubt that in future warfare 
belligerents on both sides will alike be users of these 
new powders; the screening or obscuring effect of 
smoke will, therefore, be practically absent during en- 
gagements between contending forces, and while, on 


|the one hand, the very important protection of smoke 


and its sometimes equally important assistance in wan- 
euvers will thus be abolished, both combatants will. 
on the other hand, secure the advantages of accuracy of 
shooting and of the use of individual tire, through the 
medium of cover, with comparative immunity from de 
tection. Such results as these cannot fail to affect. 
more or less radically. the principles and conditions 
under which battles have hitherto n fought. With 
respect to the naval service. it is especially for the 
quick-firiug guns, so important for defensive purposes. 
that a smokeless powder has been anxiously looked for; 
by the adoption of such a wder as has during the 
past year been elaborated for our artillery, should ex 
perience establish its reliability under all service con- 
ditions and its power to fulfill all reasonable require- 
ments in regard to stability, these guns will not only 
be used by our ships under conditions most favorable 
to their efficiency, but their power will also be very 
importantly increased 
EXPLOSIVES FOR SHELLS. 


The ready and safe attainment of very high veloci- 
ties of projection through the ageney of these new 
varieties of explosive agents, emp'oyed in guns of suita- 
ble construction, would appear at first sight to promise 
avery important advance in the powerof artillery; 
the practical difficulties attending the utilization of 
these results are. however, sufficiently formidable to 
place. at any rate at present. comparatively narrow 
limits upon our powers of availing ourselves of the ad- 
vantages in ballistics which they may present. The 
strength of the gun carriages and the character of the 
arrangements used for absorbing the force of recoil of 
the gun. need considerable modifications, not easy of 
application in some instances; greater strength and 
perfection of manufacture are imperativélin the case 
of the hollow projectiles or sheils to be used with 
charges of a propelling agent by the firing of which in 
the gun they way be submitted to comparatively very 
severe concussions; the increased friction to which por- 
tions of the explosive contents of the shell are exposed 
by the more violent setting back of the mass may in- 
crease the possibility of their accidental ignition before 
the shell has been projected from the gun; the increase 
of concussion to which the fuse in the shell is exposed 


may give rise to «a similar risk consequent upon an in- , L 
coal tar derivatives which for some years past has been 


ereased liability to a failure of the mechanical devices 
which are applied to prevent the igniting arrange- 
ment, designed to cowe into operation only upon the 
impact or graze of the projected shells, from being set 
into action prematurely by the shock of the discharge: 
lastly, the circumstance that the rate of burning of the 
time fuse which determines the efficiency of a projected 
shrapnel shell is materially altered by an increase in 
the velocity of flight of the shell, also presents a source 
of difficulty. 

The fallibility of even the most simple forms of fuse. 
manufactured in very large numbers, although it may 
be remote, must always engender a feeling of insecurity. 
when shells are employed containing an explosive agent 
of the class which. in recent years, it has n sought, 

y every resource of ingenuity, combined with inti- 


b 
imate knowledge of the properties of these explosives, | 


| as wet gun cotton. 


But although magazines, consequent mainly upon the positions | count of their comparatively great destructive power. 


One of the first uses, for purposes of warfare, to which 
it was attempted to apply gun cotton was as a 
ebarge tor shells. But even when this was bigh- 
ly compressed, and accurately fitted the shell 
chamber, with the intervention only of a soft packing 
between the surfaces of explosive and of metal, to 
guard against friction between the two upon the shock 
of the discharge, no security was attainable against the 
ignition of the comparatively sensitive exp.osive by 
friction establi-hed within its mass at the moment 


| when the shell is first set in motion. By the premature 


explosion of a shell charged with gunpewder, no im- 
portant injury is inflicted upon the gun, but a similar 
accidental ignition of a gun eotton charge must almost 
inevitably burst the arm. The earlier attempts to ap- 
ply gun cotton as a bursting charge for shells were 
several times attended by very disastrous accidents 
of this kind; but the fact, afterward discovered, that 
wet compressed gun cotton, even when containing 
sufficient water to render it quite uninflammable, can 
be detonated through the ugeney of a sufficiently 
powerful charge of furminate of mercury, or of a small 
quantity of dry gun cotton embedded within it, has led 
tothe perfectly safeapplication of gun cotton in shells, 
provided the fuse. through the ageney of waich the ini- 
tiative detonating agent in the shell comes into opera- 
tion, is secure against any liability to premature ignition 
when the gun is fired Many successful experiments 
have been made with shells thus charged with wet 

in cotton, which is now recognized as a formidable 

estructive agent applicable in shells with much less 
risk of casualty than attends the use of many other of 
the violent explosive bodies which it bas become 
fashionable, in professional parlance, to designate as 
* high explosives.” 

Many devices and arrangements, more or less ip- 
genious and cowplicated, have been schemed, es- 
pecially in the United States, for applying prepara- 
tions of the very sensitive liquid, nitro-glycerine, such 
= dynamite and blasting gelatine, as charges for 
shells. 

Some of these consist in subdividing the charge by 
more or less elaborate methods. In others the shell is 
also lined with some soft elastic packing waterial and 
paddings of similar material are applied in the head 
and the base of the shell chamber, with the object of 
reducing the friction and concussion to which the ex- 
plosive is exposed when the projectile is first set in 
motion. 

Such arrangements obviously reduce the space 
available for the charge in the shell, and the best of 
them fail to render these explosives as safe to employ 
In order to avoid exposing shells 
loaded with such explosives to the concussion produe- 
ed when propelling them by a powder charge com- 
pressed air has been applied as the propelling agent, 
and guns of special construction and very large dimen- 
sions, from which shells containing as much as 500 Ib. 
of gun cotton or dynamite are projected through the 
agency of compressed air, have recently been elaborat- 
ed in the United States, where great expectations are 
entertained of the value, for war purposes, of these so- 
ealled pneumatie guns 

A highly ingenious device for utilizing a class of very 
powerful explosives in shells, without any risk of 
accident to the gun, was not iong since brought for- 
ward by Mr. Grusen, the well known armor plate and 
projectile manufacturer of Magdeburg. It consisted of 
a thoroughly efficient arrangement for applying the 
fact, first demonstrated by Dr. Sprengel. that mixtures 
of nitric acid of bigh specific gravity with solid or 
liquid hydrocarbon-, or with the nitro compounds of 
these, are suscep*ible of detonation, with development 
of very high energy The two agents. of themselves 
non-explosive—nitrie acid and the hydrocarbon, or its 
nitro product—are separately confined in the shell. 
When it is first set in motion by the firing of the gun, 
the fracture «of the receptacle containing the liquid 
nitrie acid is determined by a very simple device. The 
two substances are then free to come into contact, and 
their very rapid mixture is promoted by the rotation 
of the shell, so that, almost by the time that it is pro- 
jected from the gun, its contents, at first quite barm- 
less, have become converted into a powerfully ex- 
plosive mixture, ready to come into operation through 
the action of the fuse. Although safety appears as- 
sured by the system, the comparatively complicated 
nature of the contrivance, and the loss of space in the 
shell thereby entailed, place it at a disadvantage, es- 
pecially since some other very violent explosive agents 
have come to be applied with comparative safety in 
shells. 

Between four and five years ago intelligence first 
reacbed us of marvelously destructive effects produced 
by shells charged with an explosive agent which the 
French government was elaborating The reported 
results surpassed any previously recorded in regard to 
violently destructive effects and great velocity of pro- 
jection of the fragments of exploded shells, and it was 
asserted that the employment of this new waterial, 
melinite,was unattended by the usual dangers incident 
to this particular application of violent explosive 
agents, an assertion scarcely consistent with accounts 
which soon reached us of several terrible calamities 
due to the accidental explosion of shells loaded with 
melinite. 

Although the secret of the precise nature of melinite 
has been extremely well preserved, it transpired ere 
long that extensive purchases were made in England, 
by or for the French authorities. of one of the many 


extensively manufactured for tinctorial purposes, but 
which. although not itself classed among explosive 
bodies until quite lately, had long before been Known 
to furnish, with some metals, more or less higbly ex- 
plosive combinations, some of which have beeo applied 
to the production of preparations suggested as substi- 
tutes for gunpowder. 

The product of destructive distillation of coal from 
which, by oxidation, this materiai is now manufactur 
ed, is the important and universally known antiseptic 
and disinfectant. carbolic acid, or phenol. Originally 
designated carbazotic acid, the substance now ated 
as picric acid was first obtained in small quantities as a 


chewical curiosity by the oxidation of silk. aloes, ete., 
and of the weli known blue dye indigo, which thus 
yielded another dye of a brilliant yellow color. To the 
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_ sidering that we congratulate ourselves upon the en- 
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many who may regard this interesting phenol deriva- 
tive asa materiai concerning the stability and other 
properties of which we have little knowledge it will be 
interesting to learn that it has been known to chemists 
for more than a century. It was first manufactured 
in England for tinctorial purposes by the oxidation of 
a vellow resin (Yanthorrhwa hastilis) known as Botany 
Bay gum. 

Its production from carbolie acid was developed in 
Manchester in 186%, and its application as a dye grada- 
ally extended, until, In 1886, nearly 100 tons were pro 
duced in England and Wales. 

Although picrie acid compounds were long since ex- 
perimented with as explosive agents, it was not until a| 
very serious accident occurred, in 1887, at some works | 
near Manchester where the dye had been for some} 
time manufactured. that public attention was directed 
in England to the powerfully explosive nature of this 
substance itself. ‘he French authorities appear, how- 
ever, to have been at that time already engaged upon | 
its application as an explosive for shells. It is now! 

roduced in very large quantities at several works in 
treat Britain and it has been extensively exported 
during the last four years evidently for other than the 
usual commercial purposes. Large supplies of phenol, 
or carbolie acid, have, at the same time, been purchas- 
ed in England for France, and lately for Germany, 
doubtless for the manufacture of picrie acid, very ex- 
tensive works having been established for its produc- | 
tion in both those countries. It has been made the 
subject of experiment by our military authorities, and 
its position has been well established as a thvroughly | 
stable explosive agent, easily manufactured, compa. | 
ratively safe to deal with, and very destructive 
when the conditions esseutial for its detonation are 
fulfilled. 

rhe precise nature of melinite appears to be still 
only known to the French authorities. It is asserted 
to be a mixture of picrie acid with some material im- | 
parting to it greater power. But accounts of accidents 
which have occurred even quite recently in the hand- | 
ling of shells charged with that material appear to! 
show that, in point of safety or stability, it is decidedly 
inferior to simple picric acid. Reliable as the latter is 
in this respect, its employment is, however, not. unat- 
tended with the difficulties and risks which have to be 
encountered in the use, in shells, of other especially 
violent explosives. Future experience in actual war- 
fare can alone determine decisively the relative 
value of violent explosive agents, like picric acid or 
wet gun cotton, and of the comparatively slow ex- 

losive, gunpowder, for use in shells. It is certain, 
owe ver, that the latter still distinet advan- 
tages in some directions, and that there is no present | 
prospect of its being more than partially superseded as 
an explosive for shells. 

With regard to submarine mines and locomotive tor- 
pedves, such as those marvels of ingenuity and con- 
structive skill, the Whitehead and Brennan torpedoes, 
the important progress recently made in the practical 
development of explosive agents has not resuited in 
the provision of a material which equals wet com- 

ressed gun cotton in combining with great destrue- 
ive power the all-important essential of safety to 
those who have to deal with these formidable weapons, 
and to man the small vessels which have to per- 
form tbe very hazardous service of attacking ships 
of war at short distances by means of locomotive tor- 
pedoes. 

BLASTING EXPLOSIVES. 


Although the subject of the development of explosive | 
force for purposes of war has of late received from 
workers in applied se‘enee, from seekers of patentable 
inventions, and even from the publie generally, a 
somewhat predominating share of attention, con- 


joyment of a period of profound peace, yet the produc- 
tion of new explosive agents for mining and quarrying 
purposes, which present or lay claim to points of su- 
riority over the well established blasting agents, has 
n by no means at a standstill. For many years the 
main object sought to be achieved in this direction 
was to surpass, in power or adaptability to particular 
classes of work, the well known preparations of nitro- 
glycerine and gun cotton, which, during the past 
twenty years, have been formidable competitors and 
in many directions absolutely successful rivals, of 
black powder. It is both interesting and satisfactory 
to note, however, that this object has of late, and 
especially since the publication of the results of labors 
of English and foreign commissions on the causes of 
mine accidents, been prominently associated with en- 
deavors to solve the important problems of combining, 
in an explosive agent, efficiency in point of power with 
comparative non-sensitiveness to explosion by friction 
or percussion, and of securing its effective operation | 
with little or no accompaniment of projected flame. | 
Safety dynamites, flameless explosives, water car | 
tridges, and other c'asses of materials and devices con- | 
nected with the getting of coal, the quarrying of rock. | 
or the blasting of minerals, have claimed the attention 
of those who guide the miner’s work. In some of these 
directions the practical results obtained have been be- 
yond question important, and, indeed, conclusive, as 
regards the great diminution of risks to which men 
need be exposed in those coal mines where the or- 
dinary use of explosives, although not altogether inad- 
missible, may at times be attended with danger. It is 
to be feared that those results are still far from receiv- | 
ing the amount of application which might reasonably | 
be hoped for. But, at any rate, there are, among the) 
extensive mining districts where the employment of 
explosives in connection with the getting of coal cap- 
not be dispensed with, several of importance where 
the use of gunpowder has almost entirely given place 
to the adoption of blasting agents or wethods of blast- 
ing, the employment of which is either not. or 
only very exceptionally, attended by the projection 
of flame or incandescent matter into the air where the 
shot is fired 
The mining public is especially indebted to German 
workers for much of the success which has been ob- 
tained in this direction, and also to the eminent French 
authorities, Mallard and Le Chatelier, for their tho- 
rough theoretical and practical investigations bearing , 
upon the prevention of accidental ignition of firedamp 
during biasting operations. Having arrived at the 
conclusion that fire damp and air mixtures are not 


| 


ignited by the firing of explosive preparations which 
develop by their detonation temperatures lower than 
2220° C., they found that ammonium nitrate, although 
in itself susceptible of detonation, does not develop a 
higher temperature than 1130° C., while the tempera- 
ture of detonation of nitro glycerine and gun cotton 
are, respectively, 3170° and 2636°. The admixture of 
that salt with nitro-glycerine or gun cotton in suffi- 
cient proportion to reduce the temperature of dietona- 
tion to within safe limita allows, therefore, of the em- 
ployment of those explosive agents in the presence of 
fire damp mixtures without risk of accident, and this 
fact has led to the effective use of such mixtures as 
safe blasting agents in coal. 
(To be continued.) 


THE BRIDGE OF PRAGUE. 


THE bridge of Prague, which has suffered so muzh 
from disastrous floods, is without doubt the finest medi- 
eval bridge in the world, and—until these recent floods 
—intact and perfect. It is 1,570 German feet in length, 
and is protected at each end by great watch towers. 
Figures of saints stand upon the parapets over each 
pier, and its extraordinary picturesqueness has exer- 


|cised a fascinating charm over artists, from Prout to 


Ernest George. 
ITS HISTORY. 


History and legend are strangely mingled in this 
bridge. History relates that the watch tower on the 
Altstadt side, the largest and oldest half of the city, 
alone maintained the city against the Swedes during 
the Thirty Years’ war. The further half of the city, 
the Kleuiseite, was captured, the watch tower on that 
end of the bridge passed, and the Altstadt almost 


[From Scientit® BACCALAUREUS. } 
THE BEGINNINGS OF MATHEMATICS. 
By Prof. W. B. RICHARDS. 
Qui currit, legat. 


THE human mind is not content with the fact, it de- 
sires to know the process. The youth who vivisected 


| the bellows in order to discover the cause of its action 


is a type of his kind. ‘* Nothing is covered that shail 
not be revealed ;” this is not the least of the joys that 
await the faithful. To unravel the tangled skein of 
mysteries that weave us about, to bring the hidden to 
light, to illumine the dark places, to rescue from the 
unknown some of its treasures—this has been the in- 
centive that bas animated man in every age, has raised 
his * clear spirit’ to ** scorn delights and live laborious 
days,” has urged him forward from point to point of 
achievement. It is the spirit that inspired the wonder 
working mind of Aristotle, lit “*the lonely lamp of 
Erasmus,” and smoothed out ‘‘ the restless bed of Pas- 
cal.” The thirst of discovery, like Io’s gad fly, will not 
let man be; it goads him like Jove’s ill-fat favorite 
into restless wanderings through all the obscurest cor- 
ners of the earth, and all the trackless fields of intel- 
lectual research. It wafted the ships of Columbus 
toward the western world, led De Long to his frozen 
grave in the wastes of Siberia, and has lately sent Stan- 
ley across deserts, over mountains, through savage 
tribes to the heart of the Dark Continent. Nor has its 
influence been less present in the intellectual world 
than in the sensible. Needless to call the honor roll of 
great minds that attest it. The mind knows no rest. 
The horizon of its aspirations recedes as it is approach- 
ed. Its stopping points are only night camps, wherein 
it prepares for the morrow’s march. It may need to 
intrench itself against the powers of doubt and unrea- 
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THE BRIDGE OF PRAGUE, THE CENTRAL ARCH OF WHICH HAS BEEN SWEPT 
AWAY BY THE FLOODS. 


reached, when some Jesuit students rushed from the 
Clementinian College adjoining the larger watch tower 
of the bridge, and dropped the portcullis. The siege 
was kept up for more than three months, but the tower 
saved the town. 


LEGENDARY LORE. 


The legendary share of the bridge’s history is more 
extraordinary still. A confessor of the Queen of King 
Wenceslaus IV., of Bohemia, refused to divulge the 
secrets of the confessional, and was thrown by the 
king’s orders into the Moldau from this bridge, and 
the spot over the river was marked by miraculous 
flames for three days. Thousands of persons annually 
crowd into Prague for the festival of this confessor, 
known as St. John Nepomuk, the patron of bridges. 
The pilgrim processions of quaintly costumed Bohe- 
mians, with banners, filing on to the bridge under the 
towers in slow step, chanting their litanies, are most 
striking, and the devout passer-by, on ordinary oc- 
casions, kisses the spot on the parapet, warked by five 
stars, from which Nepomuk was drowned. The mar- 
tyrdom was said to have taken place in 1383, but can- 
onization not until the eighteenth century. The statue 
to him was erected in the seventeenth century. 


A PROVED FABLE, 


The whole legend is stated to be ‘“‘a proved fable” 
and “late invention,” but the picturesqueness of the 
statues and processions, and the whole medieval as- 

t of the fine old bridge do not suffer in consequence. 
There are as a contrast two very graceful iron suspen- 
sion bridges, built by English engineers, above and be- 
low the old bridge, which do not at ail mar the exquisite 
landscape of the Moldau Valley, in which the beauti- 
ful city of Prague nestles.—Datly Graphic. 


son, but it does not find an abiding place. It never 
reaches the end. Nor can it. Truth is infinite. A 
Newton about to die protests sorrowfully that he ‘* has 
only been picking up pebbles beside the great sea- 
shore.” At the same time that we aspire to add to the 
world’s mental enrichment, it cannot fail, it seems to me, 
to be both helpful and interesting to consider the steps 
by which what we have has been won. It is for this 
reason that we design to set down in a shape suited to 
general readers some account of the beginnings of that 
science which contains within itself the germs of all 
other sciences. 

The student of the mathematics of to-day may weil 
be astounded at the vastness of the field which is open 
to him, at the multitude of directions in which investi- 
gation has been pushed, and the wonderful achieve- 
ments that have been made in each. If, in the midst 
of his gratulation upon modern attainments, there is, 
however, danger of his conceiving a contempt for the 
lesser success of earlier workers, he should reflect that, 
if we see farther into the mysteries whose solution has 
been the problem of all ages, it is not necessarily be- 
cause our intellectual vision is so much more acute, 
but partly, at least, because, as has been said, ‘ we 
stand upon the shoulders of giants.” The superiority 
of modern mathematics over the ancient does not so 
much arise from a comparison of the body of truth ac- 
quired as it follows from the discovery of pew methods 
—the improvement in technique, as it were. We do 
not build structures larger than the pyramids, but we 
know how to build them more easily. One who reads 
the history of wathematics wonders not more at the 
advancement which the moderns, having all the expe- 
rience and the result of the labors of their predecessors 
to guide them, have made than at the great fund of 
mathematical knowledge which the old Greeks were 
able to master with the means at their disposal. 
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was a pure triumph of unassisted mind. Imagine your- 
self deprived of ail knowledge, if not quite of algebraic 

rocesses, yet of algebraic notation, which is a chief 
element of the strength of algebra. Conceive your- 
self unable to use a symbol fora quantity ora complex 
combination of quantities, to use + or —or to write an 
equation. Think how greatly the difBeulty of an ab- 
struse problem would be increased. Yet with such nega- 
tive disadvantages did the ancients work. They were 
too busy getting out the rich ore from the mine that 
had been opened to them to stop to sharpen their tools 
or exchange them for new ones. Where they advanced 
jaboriously in their rude but forceful way, we touch off 
a little calculus under the obstacle and—piff !—it is 
gone. But what treasures did they uncover! What 
might they not have done if their /inesse had been 
equal to their strength ! 

To one who has not previously considered the sub- 
ject, the antiquity of most of the mathematics ordina- 
rily taught in our colleges 1s surprising. The element- 
ary geometry is practically as left by Euclid twenty- 
two hundred years ago. In England translations of 
Euclid’s work are used, while on the Continent and in 
this country the text books are adaptations of his 
work. Algebra is a comparatively modern growth, 
having been introduced into Europe in the thirteenth 
century, while its symbols were all invented in the last 
four bundred years. Thesolution of equationsof the 
second degree, with general coefficients, however, was 
effected by the Hindoos, certainly as early as Aryab- 
hata in the fifth century A. C., and pernaps earlier. 
Our analytic geometry is the product of the wedding 
of the geometry of the Greeks and the algebra of the 
Hindoos, brought about by Deseartes in the first half 
of 17th century, but the method of analysis may be 
traced back to the school of philosophers immediately 
following Plato, while most of the properties of the 
conic sections were known to Apollonius—the ‘ Sub- 
lime Geometer,” as he is called by Geminus—and are 
announced by him in his ‘* Treatise on Conies” (3d 
century B. C.) The infinitesimal caleulus could not 
arise without algebra, and its invention was the sec- 
ond great fruit borne by that science in the seven- 
teenth century; but the germs of its fundamental 
analysis areto be found in Archimedes’ ‘‘ Method of 
Exhaustioas,” and many of the practical problems to 
which it is applied—such as the quadrature of surfaces, 
the cubature of volumes, the calculation of the value 
of z—were successfully attacked by the early Greek 
mathematicians. One of the greatest of modern mathe- 
maticians pays a just tribute to one of the greatest of 
the ancient, when Leibnitz says, “* Those who can un- 
derstand Archimedes admires less the discoveries of the 
greatest moderns.” Even what is known as modern 
geometry is not altogether so recent as might be ima- 
gined from the name. Some of the fundamental theo- 
rems concerning transversals are enunciated and de- 
monstrated by Pappus, who lived in the 4th century A. 
C. This is six hundred years later than Euelid’s geo- 
metry, but only in the most relative sense could it be 
called modern. The same writer announces without 
demonstrating the theorems connecting the surface 
and volume generated by the revolution of a plane 
curve about an external axis in its plane with the path 
described by the centroid of the perimeter and area re- 
spectively—usually cited as Guldin’s theorems. It is 
not our purpose to institate any invidious compari- 
sonof the merits of the ancient and of the modern 
mathematicians, similar to that which in the field of 
letters fomented the celebrated controversy that two 
hundred years ago divided English men of learning 
into hostile camps, but a suggestion of the respectable 
and even admirable attainments of antiquity may 
stimulate an interest in the discussion which we pro- 


pose. 

Mathematies is a comprehensive term which imports 
very different things to different people. To the child 
just beginning to wrestle with arithmetic, it probably 
means the multiplication table and an outlying unex- 
plored territory of unknown dimensions. To the aver- 
age ‘* young ladies’ seminary” * young lady,” it means 
—or it used to mean, for late years have shown an im- 
provement in this respect—arithmetic, some dalliance 
with algebra, the memorizing of certain portions of 
Euclid, and perhaps a faint suspicion of trigonometry, 
the prevailing idea of this subject being that it is 
something in the back of geometry. To each of us, 
perhaps, it means as much as he knows, a good deal 
that he suspects, and a great deal more that he would 
like to know. Mathematics is the generic name popu- 
larly applied, not merely to the labored and difficult 
processes of a Newton or a Laplace, but as well to the 
first slate seribblings of the primary scholar. Includ- 
ing thus that which pertains so closely to our earliest 
mental feats, we might suppose that ip order to get to 
the beginnings of mathematics it would be necessary 
to go back very nearly to the beginnings of things— 
to the time ‘‘ when Adam delved and Eve span.” Our 
introduction to numerical calculation occurs at so early 
astage inour experience, it isso nearly contempora- 
neous with the utmost backward reach ot memory, 
that it is not strange if our proneness to judge others 
by ourselves jeads us to infer that the same notions 
caine to primal man at a correspondingly early period 
in his history—indeed. were a natural and necessary 
outgrowth of his mentality. 

That these presumptions are erroneous is sufficiently 
indicated by the facts which we are about to adduce. 
Percepts antedate concepts. The mind o: early man 
doubtless proceeded, like that ot children, by the in- 
ductive method—ascending from the cognition of par 
ticular facts to the intuition of general laws. We think 
by means of pictures more or less clearly photographed 
on the mental cartain. These pictures are either of the 
things themselves, or, especially in the case of an edu- 
cated person, of the names or the symbolsof the things 
thought. Try to reeall some familiar quotation, and 
memory, repeating the original process of thought, 
will bring before the mental vision either the scene or 
action described, or, 1t may be, the lines as printed in 
the text from which you learned it. Say over those lines 
in which Virgil tells how Priam reil at the foot of the 
altar that Streamed with the blood.of his siaughtered 
Son, and either you shall see the sad scene enacted be- 
fore your mind’s eye, or, it may be, there will pass be- 
fore you the lines of some oid dog-eared copy of the 


Angustan epic, from which, in school boy days, you 
Toned out your task. It is easier to think of concrete, 
qunsible objects than of the abstract, because of the 
Orter we may make a definite picture. We take ad- 


vantage of all this in educating children. We fill their 
books with pictures. In teaching a child the rudiments 
of arithmetic we ask him at first not ‘‘ How much are 
5 and 3?” but ** How many apples are 2 apples and 3 
apples ?” or ‘How many marbles are 2 warbles and 3 
marbles ?” enabling him to make a picture out of the 
— and asking him to tell just what he sees. 

hus we lead him inductively to the notion that two 
and three make five independently of the nature of the 
substance numbered. he unaided human wind, 
working out its own destiny, it way be assumed, made 
its tedious progress over a similar track. The primal 
man, as hedrove in succession two pairs of oxen into 
a corral, was aware of a quadrupleness of objects, 
though he did not as yet separate in his wind the num- 
ber from the things numbered. It was a long step 
from this single experience or a great nuwber of such 
experiences to the dawning of the abstract law that 
two and two make four—whether it be of oxen or what 
not. When the idea of abstract number had begun to 
stir, the next thing would be to find names for the 
numbers, and no great advance in such thought could 
be made until the invention of words to indicate num- 
ber made mental combination of numbers possible. 
That we are correct in inferring that this development 
of the idea of number was not necessary nor immedi- 
ate, is shown by the fact that tribes are to be found at 
the present time which have not attained such ad- 
vancement, The Chiquito, the language of the na- 
tives of Eastern Bolivia, is said to be absolutely desti- 
tute of numerals. Counting is unknown to them, The 
word that comes nearest to meaning “one” is that 
which signifies “itself” or ‘‘the same ;” beyond this 
point the mathematical ability of these children of na- 
ture does not go. Their wind surrenders at the diffi- 
culty of grasping so large a number as two, and ex- 
presses it and all greater multitude by the indefinite 
word for “‘ many.” The Papuans of Torres Strait have 
names for only one and two. The Bushmen of Aastra- 
|lia are scarcely more advanced. Their numeral sys- 
tem ends at three. The traveler Pelleschi relates 
that on the plains known as El Gran Chaco, in South 
America, he encountered achief who could not count 
his own fingers. Theon, of Swyrna, one of the earliest 
| writers on arithmetic, states that ‘‘ Agamemnon was 
|/so ignorant of the names of numbers as not to know 
| that he had two feet.” The same writer reproaches 


Pythagoras, Archytas and Philolaus for not having dis- 
tinguished between ‘‘unity” and the number “ one” 
—bet ween the numbers of objectsand the objects them- 
|selves. ‘Six oxen,” says he, “constitute a sensible 
| number ; six is an intellectual number.” We thus have 
abundant evidence that the idea of abstract number 
was slow in taking shape, and that any adequate sys- 
tem of numerical nomenclature was the result or the 
concomitant of a considerable mental progress. 

Before this had been achieved, when the question, 
‘*How many ?” was asked, the answer would naturally 
be given by indicating a corresponding number of some 
other convenient objects. The ready means of reply- 
ing to such questions seemed made to hand—we use 
the expression in good faith with no intention of pun- 
ning—in the ten fingers. Nothing could be more 
| natural than that the untutored savage, in the absence 
| of vocables suited to the purpose, should call the fin- 
gers to his aid in conveying numerical ideas. We, to- 
| day, very commonly use the same artifice when we wish 
| to present such information silently, while for the deaf, 
| as is well known, a digital alphabet has been invented. 
| The arithmetic neophyte is with great difficulty to be 
| restrained from the pernicious habit, when cailed upon 
to ‘“*do sums” in addition, of using his fingers as a kind 
of restricted abacus. The Wallachian peasant is said 
to perform all multiplications above 4 x 4 with the as- 
sistance of his fingers. 

The use of the fingers in this connection affords the 
/reason that the numerical systems of all civilized na- 
| tions are decimal. Traces of the connection between 
| the assumption of ten as a radix and its occurrence as 
|}a natural number are to be found in various lan- 
| guages. In the Polynesian, Jima, 2. e., * hand,” means 
\five; in the Zulu, tatikitupa, “taking the thumb,” 
' signifies six; in Greenlandish, arfersanek pingasut, i. e. 
“taking the other foot three” (the two hands = 10, 
| one foot = 5, and 3) means eighteen. In the Maya dia- 
| lects of Central America the word for twenty is hun 
|orinak, one man; that is the number of fingers and 
| toes belonging to one person. Similarly in New Cale- 
donia the word for man means twenty, while ‘five 
}men” means one hundred. In English, likewise, the 
‘old fashion of counting by scores sacks of the same 
| origin—with which we may compare the French way 
of expressing ninety-three, for instance, by quatre 
vingt-treize, four twenties plus thirteen. The word that 
we use for the figures of a number—digit— is directly 
from the Latin digitus, a finger, and indicates the 
saine connection. 

These primitive movements in the direction of 
mathematical cognition are only to be considered the 
beginnings of mathematics in the same relative sense 
in which the first stone thrown was the beginning of 
ballistics, or the first tree hewn across a ravine was the 
beginning of engineering. For the origin of mathe- 
matics as a science we must look to the Greeks—to 
that prolific national mind to which all the learning of 
the West may be traced as to its spring. In the domain 
of learning all roads lead back to Greece. The begin- 
nings of whatever is worthiest in literature, in philoso- 
phy, in art, in science, were made by the marvelous 
people who have given us the epic of Hower, the logic 
of Aristotle, the sculptures of Phidias, and the geome- 
try of Euclid. No tribute of adwiration can be too high 
to express a just sense of our indebtedness tor the im- 
perishable legacy which we have inherited from them. 
There is no part of the world’s wealth to-day with 
which it might not better part than with its attain- 
ments in those departments of mind in which the 
earliest impulse, and frequently the most lasting 
monuments, were the products of Hellenic thought. 
The distinctive features of the Greek intellect were 
just those which were best suited to grapple with the 
problem that confronted them. This problem was 
twofold—the extension of knowledge and the forma- 
tion of truth into a connected system. The same pro- 
blem it may be said confronts all periods. True. Bat 
the cireulustances in which the Greeks approached it 
were not the same as those in which later times, en- 
joying the fruits of their labors, have succeeded to it. 
In the first direction only a beginning had been made, 


while the second was yet unattempted. To each and 


branch of this task the Greeks brought an especial 
fitness. The most prominent characteristics of their 
mind were the instinct of investigation and a genius 
for form. The first finds its conspicuous development 
in Socrates, who declared, “ pe 
eberalorvra &uavrov re yat tovs aAAovs,”* 
while both attain their consummate flower in Aristotle. 
The enthusiasm which came with the birth of philo- 
capliy stimulated inquiry in every direction in which 
truth was likely to be its reward. In the confident 
words which Bacon used of himself, they ‘‘took all 
kpowledge to be their province.” They were not con- 
tent with any one-sided development of a single 
branch of learning. Older peoples bad attained some 
advancement in special fields of knowledge. The As- 
syrians, as we shall see, had reaped some results from 
centuries’ study of the stars, and the Egyptians pos- 
sessed the rudiments of geometry. But the compre- 
hensive intellect of the Greeks proposed to itself as its 
goal nothing less than the sum of all knowledge. 

The genius for form is the germ of that sense of 
beauty, both real and ideal, which showed itself 
in every phase of their life, which was the informing 
spirit alike of their art and of their ethics. This ele- 
ment of order in conjunction with the inspiration of 
inquiry produced for the first time a philosophic spirit. 
The results of their investigation were to be compared, 
digested, systewatized. More; facts were no longer 
the end of their search ; they went further and sought 
principles. It no longer sufficed to ask ‘* an sit ;” they 
must know “cur sit.” They did not scorn to learn 
what they might from others; but they seemed to 
have the power, like the fabled Midas of their own 
legend, of transmuting all they touched to gold. The 
scientific method, which appears for the first time with 
them, was the agent of this alchemy. 

While the history of the science of mathematics 
finds its appropriate point of departure with the 
Greeks, a study of earlier culture is necessary to an 
understanding of the state of knowledge at the time 
their intellectual activity began, and the share in its 
subsequent a contributed by other nations. 
Either prior to Greek civilization or contemporary 
with it and running parallel to it, we way note three 
early seats of culture from which the outcome of 
Greek thought was influenced, viz., Babylonia, Egypt, 
Phenicia. We do not include India in the list, be- 
eause, while the Hindoos justly claimed a venerable 
antiquity for their civilization, there was no com- 
munion between them and the Greeks until after the 
conquest of Alexander (325 B. C.), and they made no 
impress on the mathematics of the West until algebra 
began to be studied in the middle ages. Each of these 
countries contained a considerable population, and the 
first two were the homes of powerful empires. 

Movements of population do not occur by chance or 
at the dictation of caprice; they are determined by 
causes usually not difficult to discover. Since the un- 
fortunate miss-step—it would be disrespectful to use a 
harsher word—of our first parents, the chief energies 
of man have been directed toward an attempt to es- 
cape thecurse of labor then pronounced upon Adam 
and his seed. He is ever seeking to live, either by 
the sweat of somebody else’s brow (which (is called 
‘* genius”), or by as little as possible of his own (which 
is popularly known as “‘talent”). The agitation now 
waking by labor organizations looking toward a reduc- 
tion of the hours of labor is merely a fresh manifesta- 
tion of a well nigh world-old spirit. People desire, 
they have always desired, to get a maximum of exist- 
euce out of a minimum of exertion. Hence in the 
early days, 

“ When the world was all before them, where to choose,” 


tribal communities would seek for habitations lands 
in which the climate was least rigorous and change- 
able, where nature had provided most generously for 
their herds, and where the soil responded most kindly 
to tillage. Observe how population tended to settle 
down into southern peninsulas, as if it were a wolten 
mnass operated upon by gravity. The force which was 
actually at work acted just as surely. It was the at- 
traction of a clearer sky and a more genial sun. The 
fact, too, that migrating parties found themselves in a 
kind of cui-de-sac with the sea hemming them on all 
sides but one contributed toward stopping their wan- 
derings. Let us loiter from our subject long enough to 
say—what may have been stated before—that it may 
be roughly laid down as a law, not, however, to be too 
strictly interpreted, that the civilization of a primitive 
people varies directly as the ratio of their sea coast to 
the total area of their country. We may cite as ex- 
awples on the one hand Greece, Italy ; on the other, 
Africa. The reason is not far toseek. Navigation in 
early times was far in advance of any system of land 
travel. The sea was a means of communication, con- 
necting. rather than dividing, distant peoples; while 
those who dwelt far inland were cut off from associa- 
tion with their fellows and failed to get that sharpen- 
ing of ideas which comes from mental attrition. 

In is in accordance with the natural law to which 
we have referred that the rising of the traditional 
“eurtain of history ” discloses the two oldest civiliza- 
tions flourishing in the rich valleys of the Nile and of 
the Tigris and Euphrates. The latter district, close to 
what legend proclaims the cradle of the human family, 
was at an early date inhabited by a Turanian tribe, 
akin to the Magyars of Hungary, the Lapps and Finns 
of the Arctic circle, and the Tartars of the Russian 
steppes. At first a nomadic people, they became later 
builders of cities, and excavations in recent years have 
brought to light interesting specimens of their archi- 
tecture. Indeed, their architectural propensity is 
represented as: having proved a svurce of the direst 
misfortune both to them and the world at large; for 
on “the plain of Shinar” they essayed to build a 
heaven-reaching tower, an act of presumption which 
brought upon themm—and us—the confusion of tongues. 
The namwe of the place of this unfortunate experiment 
was Babel (confusion), from which, according to a 
popular etymology, the name Babylon is derived. The 
southern branch of this people, the Accads, came in 
contact with a Semitic tribe who in time became the 
dominant portion of the mixed population. These 
were the Chaldeans, from whose chief city, Ur, the 
biblical records represent Abraham as emigrating to 
the land of Canaan. To the north, in the higher 
lands dividing the waters of the great rivers, dwelt a 


* I must needs spend my days philosophizing, examining both myself 
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kindred tribe, the Assyrians, and the history and art | of the day the Greeks learned from the Babylonians.” * 


ing is more usually styled Assyrian 
The nature of the mental product of these early | sary to produce a science. 


flocks.” The climate and their occupation made them | Greek. 

dwellers in the open air. They learned to guide them-| The Phenicians, occupying a parrow strip of sea coast 
selves by means of the stars across the vast level or bil-| along the most eastern border of the Mediterranean, 
iowy tracts of land, lying before them like a sea. There | were a Semitic tribe, related in language and race to 
were no printed volumes to read, but the newly edited | the Hebrews and the Assyrians, They were a manu- 
book of nature, in all its freshness, invited and com- | facturing and commercial people, bold, alert, enterpris- 
yelled their study, It is not strange that the herdsman, | ing, in short, the Yankees of antiquity. They made 
ying on his back, while the cattle grazed, should have | glassware from the sands of the Belus, and extracted 
attempted to decipher the mysteries of that brilliant} from the murew, a shell fish found along their coast, a 
page unrolled each night before his wondering vision ;| purple dye which they used in coloring the textile 
that he should learn to look for the coming of the stars | stuffs for the manufacture of which they were famous. 
as of some distant, supernatural companions, and that |The exchange of goods brought them into associa- 
from a repeated contemplation of the heavenly bod-|tion with the Babylonians, with whom they had 
ies he should grow to reverence and adore them as/an extensive trade by means of caravan, and with 
divinities. Thus natural curiosity, waterial interest,| the Egyptians, ‘The Phenicians were the earliest 
and religious veneration, all conspired to make the |uavigators; their vessels bore the product of their 
Assyro-Babylonians students of the stars, and brought | looms all along the shores of the Mediterranean, and 
it about that their chief attainments in knowledge|even beyond them, past the pillars of Hercules into 
were ip connection with astronomy. The ineeption of | the Atlantic, upon which they skirted the western 
the study of astronomy occurred among the Aecads, to | coast of Africa as far south as the Canary Islands, and 
whom their observatories were instruments at the same | sailed northward to Cornwall. They exchanged their 
time of science and of religion. Their successors fol-| manufactured articles for the raw products of the 
lowed the impetus thus given. The stars were num-| peoples with whom they traded. They founded colo- 
bered and named, and a chart of the heavens was con-| nies along the northern coast of Africa—chief among 
structed. A calendar was formed in which the year | these, Carthage—in Sicily, in Spain and elsewhere. It 
was divided into twelve months of 80 days each. To} wasona Phenician ship, sailing to the colony of Tar- 
supply the deficit from the actual number of days in a|shish,in southern Spain, that Jonah took memorable 
year, a month was intercalated every six years, and the | passage. They came into intimate commercial rela- 
priests were charged with the insertion of other months | tions with the Greeks—themselves skilled and adven- 
at such periods as were necessary, Eclipses were ob- 
served, and a record of them kept. They are said to | Greek culture. 

have invented the sun dial and clepsydra; also the The ancients regarded the Phenicians as great invent- 
lever and the pulley. The needs of the extended com- | ors; the arts of manufacture, arithmetic, the inven- 
meree which they gained in later years gave rise to the tion of weigbts and weasures, aud of an alphabet were 
invention of weights and measures, the origin of which | all attributed to them. More careful investigation has 
is sometimes attributed to the Phenicians. cast a doubt upon their claim to originality. The dis- 

The founders of the ancient civilization in the valley | coveries aseribed to them seem reaily to have been 
of the Nile, it should be searcely necessary to say, did | borrowed from the Egyptians and the Babylonians, 
not belong to the African race. Their own traditions |The important work which the Phenicians did in the 
assert them to have been the original inhabitants of | advancement of civilization was one of distribution. 
their land, but the evidence that they were of Asiatic | They were the chanuel through which the influence of 
stock is conelusive. Their language is what is known | the oldercivilizations was borue to Greece. They stood 
as a member of the Hamitic family, and bears such | in this way, to the Egyptians and the Babylonians, in 
an analogy to the Semitic and Aryan tongues as|the same relation which, in later times, the Romans 
to indicate a relationship, if not a common origin. The | held to the Greeks. The former originated ; the latter 
Egyptians gloried in the antiquity of their institutions. | disseminated. Richer than all the precious stuffs of 
The darkuess from which they emerge into history |Tyre and Sidon, they bore to the barbaric West the 
sheds no ray of definite light upon the steps of their | inspiration of a culture destined in fitter hands far to 
advancement, but the gigantic structures of their eree- | outstrip the achievements of its original. So far the 
tion, standing amid the encroaching sands of the | progress in the extension of knowledge was the work 
Sahara, are mute but indisputable witnesses of their | of Hamitie and Semitie branches of the Caucasian race ; 
eraft. ‘The gloomy imagination of this venerable | their advance was slow and their labors unfruitful be- 
people seelned to take a morbid pleasure in its own | cause their learning was a lifeless empiricism. The 
awe. The inferiority of man to the powers of nature, | torch of learning which they bore with but faintly in- 
always borne in so strongly upon dwellers ina tropical | creasing brilliance for centuries, and which lighted 
region, weighed upon their spirits until whatever by | only the narrow circle of their personal experience, was 
comparison showed the littleness of man, like a_basi- 
lisk, attracted while it terrified them. The builder's 
instinct was present in them as in the Assyrians, 
but the object which they set before themselves was 
not—as with the Greeks—to please with the beau- 
tifal, but to impress with the colossal, the huge, the 
awe-inspiring. Magnitude of dimension, not grace of 
outline, was the salient feature of their architecture. 
The pyramids and the Parthenon tell the whole story 
of the minds that conceived them. Like the Babylon- 
ians, they sought to * unwind the process of the stars,” 
aud produced a calendar similar to that of their 
Semitic kinsfolk. What is most to our purpose, they 
laid the first few rude stones from which the Greeks 
coustructed geometry. 

Sciences are not evolved from the human conseious- 
ness by definite design, One does uot siiut himself up 
in his study, and say, “ I willstraightway develop mea 
science of chemistry, of engineering, of government, or 
of what not.” No; they arise in response to practical | 
necessity, and grow with the extension of experience 
and of thought in the direetion suggested. First the 
fact, the suggestion, the experiment, it may be; then 
the theory ; when the inductive proeess has gone so far, 
deductive demonstration begins, and the united body 
of truth becomes a science. 

Geometry, the first branch of mathematies to be de 
veloped, bears in its name the stamp of its practical 
origin ; as if came to the Greeks it was simply ‘ earth 
measuring.” The Assyrians had no geometry because 
they had no need for it. Oceasion did not suggest it. 

They lived a shifting life, and had practically un- 
limited territory at their disposal. They were not de- 
pendent for subsistence upon any restricted tract of 
land, and minute questions of boundary and area did 
not arise, Why measure the earth when each might 
have as much of it as he chose? But the Egyptians 
were a vast populace having fixed seats in a narrowly 
limited country. They maintained themselves by the 
eultivation of the prolific fields bordering on the Nile; 
there was but a relatively small quantity of tillable land 
to be divided among a great number of inhabitants, | 
and considerations of boundary and measurement 
assumed a vital importance. We translate from Hero- 
dotus, who traveled in Egypt about the middle of the 
fifth eentury B. C., his account of the origin of geome- 
try. The king referred to was Rameses II, or Sesostris, 
as he was known to the Greeks, who reigned about a 
thousand years before the period of Herodotus’ 
travels. 

* They (the priests) also said that this king distri- 
buted the land among all the Egyptians, giving to each 
an equal quadrangular portion, and that from this he 
collected his revenues, requiring the holder to pay 
yearly rent. If the river, however, cut off a part of any 
tenant’s allotment, he would come to the king and at- | 
test the occurrence The latter would send commis- 
sioners to investigate the matter and to measure how 
wach the tract had been decreased, in order that he 
might pay on the remainder an equitable portion of 
the prescribed rent. In this way, it seems to me, 
seometry was invented and passed over to Greece. The 
sundial, though, and the gnomon, and the twelve parts 


was kindled at its flame another, whose transcendent 
brightness was to illumine all the later course of time. 
Ethnie and political forees brought the overthrow of 
the dominion of these once powerful peoples, and the 
wave of barbarisin which submerged them, buried at 
the same time their civilization. Their part was done ; 
and new hands were to build upon materials first got- 


dreamed. It was the finer, keener intelligence of the 


older Eastern civilizations with which they gained 
their earliest acquaintance through the Phenicians, 
that gave the world for the first time a science. 


PEANUTS: THEIR GROWTH AND CULTURE. 
J. 8. Fow.sr, Virginia. 


THE so-called ** peanut belt ” of this country includes 
a part of the States of Virginia, North Carolina, and 
Tennessee. Within those limits the peanut is the prin- 
cipal money crop, and in fact there are few farm crops 
grown, in any part of the United States, that excel it in 
value per acre. 

The first requisite for a crop is good seed. All the 
nuts retained for that purpose must be kept perfectly 
dry through the winter, as dampness and fermenta- 
tion would destroy their germinating power. During 
| wet days, and even in early spring, the farmer and his 
family are engaged in preparing the seed for planting. 
Every sbell must be opened and the seed extracted. 
This is termed ‘* popping,” and popping bees, to which 
the neighbors are invited, are frequent. There fun 
and frolie are rife, asin the corn huskipgs and apple 
parings of the more northern States. The cracking of 


many an humble cabin. The seed peanuts are all 
earefally hand picked, and all light colored, shrunken 
or defective ones rejected, only the plump, perfect peas 
with unbroken skins being kept forseed. The rejected 
ones are sold for roasting. 

The planting was formerly done by hand ina very 
tedious and laborious manner. But it is now performed 
by means of a machine, with which one man can plant 
six toeight acres per day. in a very superior manner. 
Though the shelled peanat is nearly the same in size and 
form as a bean, the same implement cannot be used in 
planting both. 
| skin would spoil the peanut for purposes of seed. The 

peanut planter is very ingeniously constructed to pick 
j}up the peas, deposit them at regular intervals in the 
row, and press the soildown upon them without abrad 
ing the tender film in which they are enveloped. Five 
pecks or twenty pounds of shelled seed are required for 
anacre. The peanut planting time is from the mid- 
dle of May to the middle of June. 

The most critical time for the crop comes immediately 
after planting. If the weather is too wet, the seed 
rots in the ground ; if too dry, it withers and perishes. 

| Then the newly planted seed is snbject to the depreda- 
tious of nearly every kind of bird and small animal 


* Herodows, Book Li, ¢ 108, 
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turous mariners—and profoundly influenced the early 


soon to be extinguished ; but before it expired there, 


ten from them a structure of which they had not} 


Aryan Greeks, acting upon the meager learning of the | 


the nuts and of harmless jokes echo from the walls of | 


Octoser 18, 1890. 


Fig. 1. 
The culture consists in going frequently between the 
| rows with a smail plow of peculiar shape. If grass or 


| 


Fie. 1.—PEANUT PLANT AND FLOWER. 


, weeds appear in the rows (all weed growth is called 
grass in the South), they are cut out with hoes. But 
after the plants have fallen over, they cover the earth 
so thickly as tosmother out the weeds. A single tap 
root, which penetrates the earth deeply, like that of 
the allied red clover, is the main root growth of the 
peanut plant, of which the scientific name is Arachis 
hypogea. 

It is the aim of the peanut grower to have the crop 
mature about the time of the first frost of autumn. 
The pods must be lifted from their earthy beds to keep 
them free from stains. A plow is run under each row, 
eutting off the main roots and throwing out the pods 
| which adhere to the branches. After they have lain on 
the ground until partially dried, the whole are stacked 
in the field. Stout stakes are cut in the forest, the 
large end sharpened, short strips nailed across them 
near the sharpened end, and they are then driven 
into the ground in rows at convenient intervals 
through the field. The gathered plants are stacked 
| around these stakes, the cross strips being designed to 
keep them from contact with the ground. Each stack 
is seven to eight feet high and threeto five feet in 
diameter. Fig. 2 shows a group of them. 

The stacks are sometimes hauled to the barn for the 
purpose of picking the pods: but it is generally done 
in the field during the autumn and winter. The pick- 
ers build small fires, around which they gather, pick- 
ing off the nuts and sorting the well filled ones from the 
‘*pops” as the partially empty pods are called. Ef- 
forts have been wade to devise machinery for picking 
| the nuts from the vine; but without success as yet. 
| The vines, after being stripped of the nuts. make a for- 
age nearly equal to clover hay, save for the adhering 
) sand and dirt, and stock of all kinds eat it greedily. 

After the haulm and nuts are all cleared away, a 
second crop remains below the surface. This is 
harvested by swine, which are turned in for the pur- 
pose. They turn the soil upside down in search of the 
toothsome nuts, and however lean the pig may be 
| when it goes in, it soon becomes very fat. The pork of 
| these hogs, though it has a sweet nutty flavor, is rather 
‘soft unless they are finished off with corn before 

slaughter. 

| The market for peanuts was formerly controlled 


| wholly by the middlemen, who generally held liens on 
the crop before it was harvested, for advances made to 
| the farmer. They were never slow to enforce their 
liens; but came early and took them, so that any 
future enhancement in price accrued to their bene- 
fit, and not the farmer’s. But the Farmers’ Alli- 
| ance has changed all that. It stands ready to take the 
| product of the farmer’s toil, store it for him, and ad- 


vance, mouey for immediate necessities. By the aid of 


The slightest cracking of the thin pink | 


the Alliance the producers can fix a price which will at 
least prove fairly remunerative. The nuts are kept 
out of the hands of speculative middlemen, and sold 
directly to dealers at the principal distributing points. 
They were formerly reluctant to deal directly with 
producers: but last year they sent their agents into 
the producing territory to buy freely of the Alliance, 
whose managers fixed the price. 

A bushel of peanuts in the shells weighs twenty-two 
pounds, and they are put in bags holding one hundred 
pounds each, At six cents per pound, the price at 
which the bulk of last year’s crop was sold, a load re- 
| presents quite a nice sum of money. Ona farm ad- 
| joining that of the writer, a crop of one hundred and 
fifteen bushels per acre was harvested last year. But 
this is very far above the average, which may b¢ 


which inhabits the region. Moles often make grea 
} wid science of the two peoples are closely interwoven, | Here, then, among the early Kyyptians we find a prac- | havoe. In nearly all cases more or less of replanting 
ee We have spoken of the whole territory as Babylonia | tical problem giving rise to the first seeds of geometry. | is necessary. J 
for the sake of a single name, but their common learn- | These seeds bore no fruit on their native soil because} A field of peanuts just sprouting out of the ground is 
} lacked the qualities neces-| a very pretty sight. The growth is upright until the 
They never advanced be-! plant has attained a height of eight or ten inches, then 
| workers is What might be expected from their habits| yond the meager rudimentary knowledge, which they | the pea-shaped yellow blossoms appear, and the plant 
and environment. Chiefly a pastoral people, they had | possessed as a result of experience and observation, | falls over and makes its subsequent growth in a pro- 
\G their wealth in flocks and herds. So we find in Genesis | not as a system of demonstrated truth. What they at-| cumbent position. A singular process now ensues. As 
} contention arising between the herdsmen of Lot and of | tained, though, is forever notable as constituting the | the petals of the flowers fade and fall, the legumes or 
aa Abraham ** because the land was not able to bear their | suggestion and an incentive to the geometry of the! pods are forced into the soil, there to complete their 
| growth, and ripen the inclosed seeds, as shown in 
3 2) 
4 
| 
on 
| 
a Fie. 2.—PEANUT STACKS. 
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placed at twenty-five bushels peracre. A larger acreage 
has been planted this year than ever before, some 
growers having one hundred and fifty acres each. If 
the crop is a good one, it will tax the resources of the 
* Union” to the uttermost.—American Agriculturist. 


A NEW ARRANGEMENT FOR USE IN 
GREENHOUSES. 


IN the nursery of M. A. D’Haene, of Ghent, may be 
seen a hew arrangement of the staging, which is worth 
notice. On each side of the path, which divides the 
house longitudinally into two equal parts, there is 

laced a propagating case, devoted to the propagation 
and germination of plants, and covered by fights which 
ean be pushed away when necessary. Above these 
eases is an arrangement of stages, on which plants 
may be placed ; these stages are also on rollers, and 
may be moved aside when it is necessary to work at 
the case beneath, or when the plants upon them have 


to be changed. Behind these stages, the glass side of | 


the house, three feet deep, permits the entranee of suffi- 
ecient sunlight to the frame, so that cuttings can be 
taken, and seeds, especially those of palms, nay germi- 
nate. The results which the inventor of this system 
has obtained so far are most satisfactory. 

At the top of the house, the small beams are 
strengthened by horizontal iron bars, from: which 
orchids, nepenthes, ete., may be hung; in a word, 
there are, as it were, three tiers, one devoted to the 
germination and propagation of seeds and plants, 
another for growing plants, and lastly one for speci- 


PROPAGATING PIT BENEATH MOVABLE 


STAGE. 


mens which require to be suspended in baskets or little 
wooden rafts. 

The illustration shows this convenient arrangement. 
—The Gardeners’ Chronicle. 


ON THE COLORING REAGENTS OF THE FUN- 
DAMENTAL SUBSTANCES OF VEGETABLE 
MEMBRANE. 

By M. L. MANG@IN. 


THE use of coloring matters in vegetable anatomy 
has not formed hitherto the subject of methodic 
investigations. Although the list of reagents used in 
tnicroseopical studies grows daily, the absence of pre- 
cise data on their composition, their chemical proper- 
ties, and the conditions of their action renders the 
verifications of the results announced very much a 
matter of chance, 

In the researches which the author has undertaken 
he has proposed to compare the action of the coloring 
matters with their composition, and to verify analyti- 
cally the results obtained with coloring reagents. He 
believes that by defining strictly the nature and the 
modus operandi of these reagents, it will be possible to 
arrive at a method for the qualitative micro-analysis 
of the tissues capable of superseding the empirical pro- 
cesses of coloration now used. 

In this memoir he concerns himself merely with the 
fixation of the coloring reagents on the fundamental 
substances recognized in the so-called cellulosic mem- 
brane of plants, this fixation taking place without 
mordants in a neutral, alkaline, or acid medium. 

lhe various coloring matters of the aromatic series 
may be divided into two categories: the one is formed 
of compounds in which a basic coloring matter is unit- 
ed to various acids, mineral or organic; the other is 
omnes of acid colors employed in the state of alkaline 
Saits, 

The substanees of the first class fix themselves with 
& variable energy upon the pectic compounds, and thus 
manifest the acid function of the compounds. They 
color neither callose nor cellulose. The author men- 
tions the azo group, e. g., Vesuvian brown and chrys- 
oidine ; the diphenylmethane growp, e. g., auramine; 
the triphenylmethane group, such as Victoria blue, 
night-blue, magenta, Paris violet ; then all the colors 
of the oxyazine group, as naphtbylene blue, Nile bine; 
of the théosine group, methylene blue; of the eurho- 
dine group, neutral red; of the saffranine group, neu- 
tral blue, phenosaffranine, Magdala red, ete. The 
afiuity of these colors for the pectic compounds is very 


resence of an excess of acid 


unequal and feeble, as the 
ecolorize the tissues more 


or glycerin is sufficient to 
or less quickly. 

The second class, formed of the alkaline salts, con- 
tains a numberof substances which never color the 
pectic compounds, but many of them fix upon cellulose 
and callose, proving the basic nature of these bodies. 
In this class we have an interest only in two groups, 
the azo group and the triphenylmethane group. 

The azo group, if we set on one side chrysoidine and 
Vesuvian brown, is chiefly formed of alkaline salts, 
among which we distinguish three important types. 

The first type comprises the coloring matters which 
only contain one azo group, such as xylidine ponceau, 
the composition of which is : 


§ (CHs) (6)OH 
} N=N—C,.H, i 


To this type belong aniline and toluidine ponceau, 
naphthorubine, ete., and the tropeolines. These sub- 
stances color the protoplasm yellow, but they have no 
action upon cellulose or callose. 

The second type is formed of substances containing 
two azo groups, such as orchil red A. 


BOH 


(SO;Na)s 


Here beloug orselline BB, azorubine, naphthol black, 
the croceines, ete. The substances color cellulose in a 
neutral or faintly acid bath, and have no action upon 
callose. 

The third type contains coloring matters of the 
benzidic series, such as Congo red : 


(CHs)s { 


(CHs)s 
N= N—C,H, 


N=N—CyoH, 


((@)NH, 


To this type belong Bordeaux extra, Congo G R, 
Congo-corinth, delta-purpurine G, brilliant Congo G, 
resulting from the action of the sulphur compounds of 
naphthol upon benzidine; azo blue, the Congo-corinth 
|B, the benzo-purpurines, the rosazurines, where tolui- 
dine is substituted for benzidine, azo violet, benzo- 
azurine, heliotrope, where dianisidine is substituted 
for benzidine, ete. These coloring matters, which are 
ordinarily precipitated by acids, dye cellulose and 
| callose direetly in a neutral or feebly alkaline bath. 
| The triphenylmethane group does not offer such 
definite relations between the coloring power and the 
chemical compositions. We distinguish here first a 
great number of bodies formed of hydrochlorates, sul- 
phate, ete., which dye the pectic compound directly, 
and then a series of alkaline salts which we divide into 
three groups. The first group includes acid magenta, 
acid violet, Bayer’s blue, Nicholson blue, ete., resulting 
trom the respective action of sulphuric acid upon ma- 
genta, Paris violet C B, diphenylamine blue, or aniline 
blue. These substances do not color cellulose, but 
some of them, as the soluble blues, and especially 
Bayer’s blue, color callose. The colorization is the 
more active as the sulphurization is more complete; 
thus 6 B blue, a mixture in which trisulphonated 
triphenylrosaniline predominates, is the most active of 
the soluble blues. 

The second triphenylmethane group is formed of the 
alkaline salts of rosolic acid, which dye callose and cei- 
lulose direetly. 

The third group is formed of eosines, a salt of 
fluoresceine, such as eosine, erythrosine, phloxine, 
whieh color nitrogenous matters strongly, but do not 
attach themselves to cailose or cellulose. 

The manipulative details will be deseribed in a fa- 
ture communication.—Comptes Rendus; Chem. News. 
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BLEACHING WITH SODIUM HYDRO- 
SULPHITE. 


By G. DOMMERGUE. 


THE bleaching process with sodium hydrosulphite, 
which has been industrially employed since 1883, 
yields excellent results, but, as is also the case with 
bleaching by sulphurous acid, the fibers thus bleached 
are unfit for dyeing. For the production of hydro- 
sulphite about 300 lit. sodium bisulphite 35-40° Be. 
are put intoa pine wood tub of 500 lit. capacity, to 
which scraps of pure zine are added until they reach 
the surface of the liquid (the volume of metal must not 
be more than ¥ of the total volume), when the tub is 
covered up. In order to prevent a too high tempera- 
ture, earthenware tubes are inserted into the tub, in 
which cold water circulates. After 1 hour the liquid 


lized out. 
ing agent. 


temperature, the tubs for the production of hydro- 
sulphite, as well. as for bleaching with it, must always 
be kept as full as possible and carefully covered. 

For bleaching the material is first well cleaned, 7. e., 
treated with sodium carbonate and then with soap, 
and entered into a 1,000 lit. tub containing a mixture 
of the bleaching liquid with an equal volume of water, 
taking care that the tub is nearly filled. After stand- 
ing covered for 6 hours the yarn is well wrung and 
piece goods passed through pine wood squeezers above 
the tub. Then the material is at once washed in filter- 
ed water; if this washing is delayed the fibers are, by 
the contact with the air rapidly heated up to 70-80°, 
and largely altered. Sometimes goods thus bleached 
after finishing show stains which are attributable to 
remnants of zine sodium sulphite. They are removed 
by passing the pieces through a cold, very weak bath 
of hydrochloric acid and washing in abundant water. 

With one single bleaching tub 3,000 pieces of woolen 
goods at 100 w. each, Z. ¢., about 36.000 kil. wool, can 
be bleached per year. About 100 kil. zine serves for 
several years, because the undissolved metal can be 
rendered serviceable for further use by washing it with 
abundant water which is feebly acidulated with hydro- 
chlorie acid. The price of bisulphite is about 25 fr. ($5) 
per 100 kil. When the bath falls below its original 
level, it is filled up with dilute hydrosulphite, whereby 
the strength of the bleaching bath is preserved for 


almost an unlimited period. In a tub of 1,000 lit. 
capacity about 130 kil. wool can be entered at a time, 
the cost amounting to about 1°36 fr. (about 26 cents) 
pee 10 kil. fiber. The simple and cheap process, which 
s in some factories worked since several years, is prob- 
ably destined in no distant time to supersede the ordi- 
nary bleaching methods.—Chem. Zig. 


ACTION OF THE CHLORIDES OF CALCIUM 
AND MAGNESIUM UPON COTTON. 


‘THE use of these chlorides is now so common in the 
preparation of sizes for finishing cotton goods that 
the following observations of Grimshaw are of great 
importance and will, perhaps, explain the deteriora- 
tion which has been lately sometimes observed in cot- 
tons. ‘‘Itis not a new observation that, when the 
chlorides of calcium and magnesium are heated in con- 
tact with air, a portion of this chlorine is given off. In 
view of the very large quantities of both these sub- 
stances used in the sizing and finishing of cotton and 
other goods, it is evident that it is of considerable 
interest and importance to define at what temperature, 
at how low a temperature, in fact, and to what extent, 
the decomposition of these salts proceeds, because, if the 
chlorine is liberated at temperatures to which it is at 
all likely that the fabries conteining them may be sub- 
jected under the ordinary conditions of their use and 


| manufacture, then the chlorine, or resulting hydro- 


ehlorie acid, will be certain to cause more or less de- 
terioration of the fabrics. 

‘*We know that at a red heat the chloride of caleium 
becomes alkaline to litmus, and that, at temperatures 
considerably lower than this, the chloride of magne- 
sium parts with an appreciable amount of its chlorine, 
Recently, several cases of deterioration of the strength 
of cotton fabrics have been traced to the action of 
chloride of magnesium, and we may take it, { think, as 
an undoubted fact, that this ‘tendering’ of the cot- 
ton fiber in such fabrics is due to the action of the hy- 
drochloric acid formed by the decomposition of the 
chloride. 1 am making an attempt to define, with ae- 
curacy, the lowest limit of temperature at which the 
decomposition of the chloride of calcium and magne- 
sium, and, incidentally, the chloride of zine, takes place: 
the extent of the decomposition, and the influence that 
time, and the presence of moisture, have upon this, 
and I am able to give some figures which, though only 
of a preliminary nature, are of interest on some of these 
points.” These few preliminary experiments would 
appear to establish the fact that, at any temperatures 
which can possibly prevail in the manufacture or use 
of goods containing the calcium chloride, this salt is 
perfectly stable, and no fear of deleterious action need 
be entertained, while the reverse in the case with the 
magnesium chloride. The figures for the latter show 
that this sait is decomposed comparatively readily at a 
low temperature : a temperature of 117° C. is one which, 
in some operations, the fabric may easily attain, and it 
would appear likely that an even lower temperatare 
may effect this.—Jouwr. Soe. of Chem. Jidustru. 


SULPHONAL, PARALDEHYD AND CHLORAL- 
AMIDE. 


THE Therapeutic Committee of the British Medical 
Association has drawn up a report as to the compara- 
tive utility of different hypnotics. The points especial- 
ly dealt with are (a) the doses of the drug given; (>) 
whether sleep is produced with certainty, how soon it 
comes on, and how long it continues; (¢) the produe- 
tion of dangerous or other disagreeable effeets; and (d) 
whether the drug loses its effect. The following is a sum- 
mary of results obtained with sulphonal, paraldehyd 
and chloralamide : 

Sulphonal.—\. Dose.—In thirty-two of the cases 
recorded, 20 grains was given in eleven instances, 
once at night. Sleep came on in half an hour to three 
hours, in one case in five hours, and in another in nine 
hours. A second dose on the succeeding night in one 
case produced sleep in five minutes. Sleep lasted in 
four cases all night; in four cases six hours; and in 
three cases one to two hours. With 25 grains (four 
cases) sleep came on in two hours and lasted six hours 
orall night. With 10 and 15 grains there was less 
sleep produced, and in a case of pneumonia (15 grains) 
there was no sleep after the drug. The few cases (seven 
in all)in which 35, 40 and 60 grains were given showed 
that these doses did not possess greater hypnotic effect 
than a dose of 20 grains. In a case of chronic gout 30 
grains had no effect. 

Disagreeable After-Effects.—In six out of ten cases 
in which 20 grains had been given, disagreeable after- 
effects were noted. Drowsiness next day was noted 


is drawn off into a tub which is always to be kept full, | six times; giddiness four times; and headache and 
covered and allowed to stand for 12 hours, when an| inco-ordination of gait each twice. In four cases where 
abundant amount of zine sodium sulphite has crystal-| 10 grains had been given, drowsiness was noted once; 
The remaining liquid portion is the bleach- | in five cases with 15 grains drowsiness was noted twice 

As the latter by the contact with the air is | and giddiness twice; with 25 grains (four cases) drowsi- 
apt to be converted into sodium bisulphite with rising | ness. was noted twice, giddiness once, headache onee. 


In seven cases, with 30 to 60 grains, drowsiness was 
noted four times, giddiness twice, headache twice, inco- 
ordination of gait and vomiting each once. 

Whether the Drug Loses its Effect ?—Several of the 
eases showed that a second dose on the succeeding 
night has a greater effect than on the first night. Thus, 
in one case, 20 grains produced on the first night two 
hours’ sleep with no bad after-effects ; on the second, 
a similar dose produced eight hours sleep with drowsi- 
ness, giddiness, and inco-ordination of gait on the fol- 
lowing day. In some cases prolonged use of the drug 
appears to diminish its effect. Thus, in one case 
(asthma and bronchitis) 20 grains was given every 
other night for eight weeks. During the first fortnight 
sleep came on in an hour and lasted twelve hours each 
night. The drug was then omitted for a week, when 
the insomnia returned. In the succeeding five weeks 
the drug, after three hours, produced six hours’ sleep. 
In a case of phthisis 20 grains was given every other 
night for twenty-six days, except for five days, when 
the dose was reduced to 10 grains, but afterward was 
increased. During the time the patient was taking 
29 yrains, after an hour he slept for fcur to six hours. 
The drug was omitted for a fortnight, and, on recom- 
mencing it, it produced only drowsiness, and no sleep: 
In a case of neurastbenia and insomnia, quoted by Mr. 
Priestley,sulphonal, 10 to 20 grains,did not lose its effect 
during six months, 
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Parelde hyd. doses of 40 to 60 minime (four- 
teen cases) produced sleep in five to fifteen minutes; 
in two cases in half an hour; in one case in an hour. 
In most cases the sleep was wakeful and restless, and 
lasted very varying times, in one case only three- 

uarters of an hour, in another case there was restless 
dozing for three hours, in another sleep for two hours; 
in ten cases sleep lasted from three to six hours, and 
in one case sleep for twelve hours. These results refer 
to single doses. Half a drachm every three hours pro- 
duced within half an hour two hours’ sleep; 20 minims 
every four hours for fourteen days produced better 
sleep at night, but not during the day. 

Disagreeable Effects.—Giddiness and drowsi- 
ness were noted each once, vomiting three times, and 
retching and nausea each once. 

Tolerance of the Drug.—In a case of mitral stenosis 
on two nights 40 minims gave two to five hours’ sleep; 
on the third night a similar dose had no effect; on the 


due to sulphur chloride, at least in the case of cotton 
oil. 


An interesting application of this part of the process 
is to reproduce from a sample of blown oil, recovered 
from a petroleum mixture, the original glyceride, and 
to establish whether the blown oil used was that of 
cotton oil or rape oil. 

I can now understand why it is that sulpbur chloride 
produces dark and even black products from oxidized 
oils. It is due, no doubt, to the removal of glycerin. 
The stability of the fatty glycerides in different oils is 
one of very great importance, and has more to do with 
the drying qualities of an oil than seems to be taken 
account of. 

The iodine absorption of an oil, before and after ex- 
posure to the air in a warm place in vessels, so that 
the weight of oil and area of surface are identical, will 
give a very accurate idea of the changes brought about 
by oxidation. Poppy oil behaves so exceptionably in 


fourth night 1 drachm was satisfactory, but on the 
sixth night it produced no effect. When the paralde- 
hyd failed, it seemed to produce slight excitement. | 
a succeeded well afterward. 
Chloralamide.—In one case 20 grains, and in six cases 
80 grains, were given in single doses. After the 20 
grains sleep came on in twenty minutes and lasted 
three hours, with half an hour’s interval of waking; 
after 30 grains, sleep came on in tifteen minutes to 
half an hour (four cases), one to two hours (two cases). 
Sleep lasted all night in three cases, in two cases four 
to five hours, and in one case there was two hours’ 
dozing, then an interval of wakefulness, and then two 
hours’ sleep. 
Disagreeable After-Hffects.—None observed. 
Tolerance of the Drug.—Thirteen consecutive obser- 
vations were made in a case of pernicious anemia, with 
several weeks’ insomnia. Thirty grains of chloralamide 
failed onee on the ninth night; on the other nights the 
drug produced, in one to two hours, restless sleep, last- 
ing all night, with two or three short intervals of 
wakefulness, 


THE ACTION OF SULPHUR CHLORIDE 
ON OILS, ETC. 


By Tuomas T. P. BRUCE WARREN. 


iw examining samples of so-called lard and lard oil, I 
have felt surprised at the small yield of soluble matter 
from the coaguium produced by sulphur chloride. 

Lard and lard oil, when genuine, yield products 
which are perfectly soluble in carbon disulphide ; so 
that, if we operate on a mixture consisting of equal 
parts say cottonseed oil and lard oil, ut supra, we 
may reasonably expect about 50 per cent. soluble 
matter. 

The adhesion of the lard oil, or retention by im- 
prisonment among the particles of altered cotton oil, 


this respect to other oils that by exposure in an open 
dish at 140° FP. its iodine absorption fell from 135 per 
cent. to 119 per cent. in ten days. oil similarly 
exposed became very much bleached, but fell only 
about 10 per cent. 

A deduction which can hardly be overestimated in 
its importance to the chemistry of oils is that so Jong 
as we do not upset the chemical composition of the 
proximate principles of an oil, we can reproduce that 
oil, and, further, a glyceride already containing a cer- 
tain proportion of an acid may be made to take up, if 
not previously saturated, a further proportion of that 
acid. This fact receives a significance when we con- 
sider the relation of cocoanut oil and butter fat so far 
as concerns the volatile acids.—Chem. News. 
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reduces the apparent yield as regards lard oil, and in- 
creases that of cotton oil. Fortunately, in examining | 
mixtures of this kind I have invariably confirmed the 
analytical result by synthetical experiment. 

Instead of treating a clammy soft coagulum with | 
carbon disulphide, it is better to treat the same with | 
a moderately strong alkaline solution containing 
about 30 per cent. KHO. 

The results obtained are in direct vontradiction to a 
statement in Watts’ Dictionary,” article linseed oil, 
vol. iii., p. 708, It is there stated that ‘‘on mixing from 
15 to 25 parts chloride of sulphur with 100 parts linseed 
oil, caoutchouc-like products are obtained, which are 
harder the more chloride of sulphur they contain, 
and are not attacked by moderately dilute acids and | 
aqueous alkalies, but are ultimately saponified by} 
concentrated alkalies. 

When a very cone entrated solution is used, the co- 
agulum, even on long boiling, does not dissolve, but a 
slimy, gelatinous mass is formed. | 

A mixture of cotton oil and lard oil, when treated 
with sulphur chloride, may be almost unmanageable 
to deal with in the ordinary way, but if boiled with a 
strong alkaline solution for some time it completely 
disintegrates, leaving the insoluble portion of the co- 
agulum colorless by repeated washings on a filter, 
until alkaline reaction ceases. If a non-saponifiable 

roduct from lard or lard oil be formed, it can easily 

e rewoved by weans of ether. 

By adding an acid to the filtrate the fatty acids are 
separated out. The glycerin determination and the| 

ro} erties of the fatty acids will furnish a clew as to, 

he oils which are present, and do not yield solid and | 
insoluble products in carbon disulphide.* 

The following singular result was met with a few 
days ago, which confirms the value of this procedure, | 
A mixture was made of cotton and lard oils, which did 
not yield an insoluble product. It dissolved with | 
slight cloudiness in CS,. his was evaporated and the 
residuum treated by the saponification process, when | 
the altered cotton oil was readily separated from the | 
saponified oil. This singular result shows that, al- | 
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though an oil or fat may be present in a mixture | pertaining to the art of Building, is supplied free of 


which prevents the appearance of an insoluble sub-| 
stance in CS:, we can recover the same if present by 
saponification. An oil which is, in the ordinary way, 
acted on by sulphur chloride may be prevented from 
revealing itself in consequence of the solvent action of 
other oils present, but although this singular event 
may happen, it establishes the fact that the reaction 
has taken place, although the expected coagulum did 
not appear. 

I hope to return to the consideration of this interest- 
ing reaction at an early date, with special reference to 
lard oil and lubricating mixtures. 

Some very important results have been obtained on 
the synthesis of the fatty glycerides, arising from the 
analysis of mixtures of oils. How far it is possible to 
confirm Berthelot’s observations on the synthesis of 
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oils I can scarcely say. But this fact is certain, we can 
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reproduce from the fatty acids of cotton oil and| need architects. Full plans, details, and specifica- 


glycerin a compound closely approaching the original 
cotton oil. The salient points are, that the purified | 
acids from cotton oils do not yield insoluble products 
with sulphur chloride, but by treating these acids with 
glycerin in stout hermetically sealed glass tubes at a 
temperature of about 500° F. for several weeks, we 
confirm the reproduction of cotton oil. Hence 
the fatty glycerides are concerned in the reaction 


* The glycerin iieoehmtion is made on the soluble portion ynnnenr 
from the coagulum. 
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A special notice is made cientific Ameri- 
can of all inventions Mrough this Agency, 
with the name and reside ne Patentee. By the 
immense circulation thy public attention is 
directed to the merits ag Ww patent, and sales or 
introduction often easil 

Any person who 
tion can ascertain, ff 


new discovery or inven- 
harge, whether a patent 
can probably be obtaugieew writing to Munn & Co. 

We also send free our id Book about the Patent 
Laws, Patents, Caveats, Trade Marks, their costs 
how procured. Address 


MUNN CO., 
361 Broadway, New York. 
Branch Office, 622 and 624 F St., Washington, D. ¢. 
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